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M.11d~ARY iEPJ. T,

Review and Evaluation of iAJUA/03D "Defoliation" Program

in South Vietnam

Research Phase: 15 July 1961 to 12 Jan. 1962

Operational Phase: 13 Jan. 1962 to 15 Jul. 1962

A group of technically trdined and professionally experiem ed individuals
wa-s selected by ARPA on direction of OSD to thoroughly investigate the
"Defoliant" progrua carried out in South Vietnam in two phases (Research
and Operational), sometimes referred to -s Task 20.

The team was charged with the mission of (a) determining the effectve-

ness of the herbicides on various types of tropical vegetation, (b) assess-
ing the results as to effectiveness of the chemicals in improving the
vertical and horizontal visibility from the air and ground, and (c)
recoraiending a research program needed to further exploit the employment
of herbicides for vegetaticn kill and defoliation.

The Evaluation Team began its investigation on 7 April and terminated
its observntion of sprayed targets on 18 April1962.

The report was written in three parts: Part I dealing with the "3tate
of the Art" in the use of herbicides in control of vegetation; Part II,
findings, evaluations and asaessiaents; Part III, Conclusions and Recommen- .
dations.

STXrA OF THE ART

jjnor Uses of Herbicides

High]•y effective herbicides are available for killing crops and
undesirable vegetation in varied environments for military purposes. The
successful use of herbicides depends upon a knowledge of' the scientific
disciplines involved, the artful use of available technology, strict
adherence to the principles of treatment methods, and effective program
planning and management.

i. i



In 19• 1 , move thian 5U million (c,2 of crop end n1l-cvoplJnu•: i1 ±iUnjei2t c, S•t e:.••'•i'W trLI'Cbul with about 1IY million .- ,•ids of herbicides atat cost of' about 20c; 1.alliun dollars. T P• phTnl,,rý hrbiciccs, such aI2,/4-P ýnd 2,4,5-T th.it h-ve becn mnlcy~d in ,outh Vietnimn.- re used for thecontrol o' ieed, and un>,!jir;b! vegettion on about 40 million acres ofcrops, ranoClsd, forests and non-croul ind each .year. In addition,ilufIretds of thouoar'd.. of Ihilte of roid.idc, railroad and utility lin(.erights-of-w,,y "rc also treated eaCh yr, Of the tot,].j crj s treateduach year with the phenro.V herbicide-., aircraft are used to treat morethan.L 10 rdllion ,cr:s, an arca half a.; lirge as South Victnam.

flow Phcno2' Herbicides Kill Pltnts

ricrbicide-i kill plants by interfering with essential physiologicalproceusss, such -t respiration :mod photosynthesis, and by inhibiting thesynthesis and use of metabolites, es,.enti,+ 1 to plant growth. The Phenoxyherbicidces kill plants by multiple effects including the proliferation ofcells, loss of' apical dojdnancq, and the conversion of stored carbohydratessuch ats starch to soluble sugars.

The herbicidcs 2,4-D and 2,4,5-T kill plants by both systemic andcontact action. Applied to the foliaLo of rapidly growing plants, 2,4-Dand 2,4,5-T enter the leaves and stemn and move downward to the roots,killing the entire plant. Applied to th(. soil, they are al.so readi.lyabsorbed by plant roots --nd move to the tops, resulting in complete killof the plant. The pheno),7 herbicides will also kill plants by contact andsystemic action when applied in fine droplets at high rates per acre.hIhen used in this manner they will cause desiccation of 1'olia.-ge which mayor may not be accompanied by defoliation depending on the mixture of olantspecies present and growing conditions.

eTn 2,4-,- and 2,4,'-T are anplie(1 to the foliage of seri-dormant ordoranwit plants, their effectiveness in killing vegetation is criticallyreduced. Howevcrx, ahen they are applicd to the foliage of r:tpidly gro•ing'vegetation, 2,4-0 and 2,],5-T mow+ downward into the lower leaves, stemsand roots alonr with the. c,,.xLohydrates resulting from photosynthesis in
the Ifaves.

Since 2,4-D and 2,4,5-T are syst'!:mdc, translocatecd hlrbicides thatkill plants by multiple causes, their carly effects (I to 2 weeks) are notas spectacular as the desiccating and burning effects of contact herbicides.Por this reason, and because of their modc of action, it is impossijle toevaluate their initial effects on perennial woody vegetation earlier than30 days after treatment. and their full -ffects in killing the vwgetationcan not be complct(.ly evaluated until at least 1 year after treatment.

Equipmmnt

Herbicides arc applied in the United Stntes in spray or granular formby either aircraft or ground equipment. Aerial applications are generally
•+ ii.
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maade by small eomcr.§ gl.L Ikq~riac~utural :iput~
Trealtmentis arc- i:,ado only wh~en inversiaon temperature conditions exist and
wind is leýss than 5 raph. ic' furthe.ýr reduce faalai' .'. drift and insure
good deposition recormended spray volumes aro 3 to 5 gallons or more. per
acre and dropic. t size 300C microns 0or large-.r.

Chiracteristics of the V~ekctation

Eve-rgren cm frests, wangrovos, and tropical sc~rub rrc. of immediate
Limportance in vegetation cor trot in South Vtstn&ax. The arrangeww,ýnt of the
forest cmiopy and uxndergrowth in layers; the lhitgh density of the- total
plant cover; the grc(::t numut~r of kindrs of' plants; and the high total't
vo.1lUme Of' plantL rtri1 WsOf' geat tmo'IcrtnrICC.

Nchrly %ll plantsi of thQ VietnnneseQ forests can be conltrolle--d with
he:rbicidQt' in reasuonnbit amut;some trees require larger atiounts thatn
others, Unlesa applied durin.- active growth, hturbicideis atre mucth less3
offeýctive,- Activ%; erowth corresponds g-oenerally to the rschy uia~son.

Planrts kill'A. by 1&t.rbieidtu; will het wvplsxcod by other kindu atf plants
unlessi thtm ,oil it, uultiv t tcd or trtmne 'p~ntcd. Shrubs, tropical

Cra;its :es or small b'.Tb-loos o.Ct,,n amisitute- it ma difficult contm'l
prov-lua. Itcpe A tmotL!%nti, probably annually, will be, rcequired to ktiep

Trw'ik3 or' truv-.s, vinc:s, and otiwxa wgetativr kIllA by hrhicidtsm,ý
will ru.-t,.An, T;,is mtturnil c-tnt. 1be burted without Nthin1 , tha t~rctv to
iU-.row0' futl, ctructure anti &umie Za ~oute Ac. s-arch Inowlthdi~c tnd

sp~ratuns ~xe rme;of* iTr..A Lir- protutcton agonciea in the Unite-d
Sta~ wil a4 insolvnt:this p~roLW-m,

lPi ZLv

01 ht e~a' dI-rbieith,! lmtreti;ecnt wfia tevalwttnl Cie tuhe bAgi- of:
ti -tlittn cmnepy. kill,. veýrticpl vizibility, lioritontAl vivibility, !4nd

dasri'iton f eatidto. eor cineh t'irgct ecuh of thc f LAtwo -v-.3
itsi~icvidP~ flIW(t v~tfti-1t UM'tlf 0cre (no 4cct) kand 10VP-. per ant
(c~i fL t -ctfec),* Indlvidwdn ratineý vvrt- tiver'.d anud !imfldd to the
no~ritwhlenuvbcr (AppnvEdi #ýs 'td Table. 4, Susasoury of VTveuit. 1.vealuuton),

Olt uh twig renka md written ohniarviitimono 0i fhnat~sioo h
wvcG atC n., Including e04Jpohv -to h~tbidcidx; drift :Mmld MtuiX. or err C
of IM'b1+iuifhe 6unu.v(x t'trrt;J 'uvs-ztl end cu~n. V'urning,, or etht r 'wetivlty
of loc10al !c0fluhtiOhU ;Artwr P.; riCidl!tutont.Tcc bavtosWt

ii i.i.
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Th- criteýrion for "'defoliation"t was the degroe to -,hich leaves were
actually caused to fall f rc,, tcu plant.

Effectiveness of the herbicides in producing defoliition was cstimate.d
or. the basis of a coimnarij-on in leaif fall froiv trees in adjacre-t tro -t i
and untreýa,'ed areas, In soe portions of' so~me t-rgeta,, and ot; cetain

kinds of plants, L-,ave;s we-.re shriveled land driecd but still adhered *to the1
plant. In other portions of --i target, trees, thait were. tolerant of the;
quantity of ht-rbicide received had lost Low if any leaveýs fz'oi, theý sp rty,

Inotercaestreshd lt all their leaves, The- -ntirc tairget arsaý,
that it was intended to spray4 was eva%;uuted as5 a single unit., including
skips, as woll us-, truawted portions.

The, criterxion ,'or "canopy kill" was, deAth of' the. above-rground portions
of' the planu,. During g-round obvv. atiLions dead treesQt could be di4T1txrentia-tod
from tho3e which we~re merely defolia-ted and decsiccated b., cutting? into lower
branches,3 trunks, or root coilx .-s t ground level. A da~vr~ir fthe
prokmability of a tr(,1c dying, or livinr, cotld bke raack on tho biasio of rlijs
colorAtion or' tissue: nt thq upointo of' Auch cutting, caused by titnstoeation

~f th i~rbcitIn aecrial oboecrv:'Litiozi the, Los or thio raitinr w
essenwtially tiiv. O,:wIc as, f or dutliAo , tirng into considt;r-,. ion tht
result.! of 4round obuerv.ations- wadc n as $tsoI,

of the grcund tAh t. couldl L e whcn :: pr;ayed area wts obsermd, from
directly avin gnmpetriuooa with iar Aid~cent unup.-.nyod eima*

Thc critavrion Ifmr "horizontali visibilItyll wto- theý im-provualent in thiw
Aklity of --n ohsi rvcz ~to &sue and. reougntý- objecto Ut or ncar ground lowv4

in trva 4od nrea oompiruxd AOi iujccnt untmet- 'uxa

TPhu. ritteeb~ for "diatrit;;ution ot the, kýritd.oidsg" wvte: Wtl renpon.,%w
off theý to e irtund Vtu'to r-tm tilt oIl tsufa to tlpvi tclr of hk.
IsiOLest tMQ (vri4x~tiub9 b ~ vspono, -of the-, uJOpn' vvgON-

ttit Pe-tt okof unfrtt eoi tt pa wth n
"ltýkptcxd wrcvl" ec tin targot (borizontil 0.dhr4Miio),a (c) Qm

ri;~ is' VOf Cit CeLivl ttwil cr-ops ogtttick theý iritrAudd ttry" t. o drift,.

A Uiorosgh and1 intonraivc uvtb-iaton of Z trgetv in 11 t mrrvtionrtl.
oz~t~ hui' t Lwha 'alttvdC rt~ w arthe hv rLiuidQJ Wure. *iiproxi-

4 bd~liltvlu 8CO'lutVt pecet lo) C civý (ranF 1,p0 t o J)0;%) in aec~ih
*V the otjcctivvtif 01tha !;ald L,. to~li~ id wl, w1n foh,ý rvect I the itP4Ahtld,

theW-'4ý ,Utty p1 :ta-ott (44x) u'fectiw (rau~p .30 to &W;). ThU evn~lution

A- iv.



J)ot-ilJud dat. en Lh,ý. iiidividua! targta.to ý,v!.Juat,,d by the temun are con-

tained in Appendix A. Location, kind of vcgetatirr , treatment, .ind other

ini~i•atl aae oru.seflt(~d• in ýiddition to the nLcrical ratings.

It is obvious from the rcrsultn obsc:rvud and reported in Tablo 4 that

s.,anificaxrt improvcmente in vcgetA-Ltion control c'an b expected from modifi-

cations which will (1) reduce (spray drift, (2) increase spray deposit in

the intondcd spmray swath, (3) increase thu volume and acid equivalcnt per

acre, and (4) :pply th e herbicide to actively growing rather than dormant

ye, tation.

ývalwu-i tion

Aerial applications were made with eithur the Fairchild C-123,

Douglas C-47, Dougls AD-6 airplanes, or SikorskT H-34 helicopter. A

bjuffalo Turbinu sprayer was used for ground applications.

Th'h aircraft spraky oquipment, designed to disperse liquids thc

vi,.cosity of fuel at one gallon per acre, had to be operated "full out"

to deliver 1 gallon or less per acre of the herbicides uscd, because of

their higher viscosity.

Nozzle sizQ and arrangement produced. spray droplets considerably fine.r

than 300 microns diameter, resulting in excessive drift and loss of hcrbi-

cide from some targets.

Ih.m.Adiatc minor modifications were suggested to increase drop)t size

and dclivw.ry. Najor modification will.be required on each type of aircraft

dispersal equipment to mkake it capable of delivering 3 gallons of viscous

herbicide liquid per acre.,

Suggestions wer .- made for further use of the Buffalo Turbine and MC-1
tank and pump assembly removed from the C-123, as ground hydraulic sprayers,

by equipping theon Aith suitable hose and spray gun type nozzl.25s.

Vo



M, A

'1a)w t c, va1ua`-;i.(c. Av. `or Ea~ch `arrfrot 3/ val ua tJ.o n
Criteria

Criteor-Ja 1 2 3 )i 5 6 7 8 910 11 Av. 3/

1. De1.iCvl~'6101i 7 70 70 70 70 90 90 90 90 ) 80

2.Cn~-Xi 6 080 lo 7 60 90 90 90 80 90 2

3. Vort-icalVi. bii 60 6 0 8,0 70 2ý,0 60 8 o 90/90 90 9,0 30

.htrh'iof o1 t rnbicicde 30-, 60 70 ),, 70 V)4 Po 60 80 70- 60o 6

5. Toral Targoi,, 7.fPc4'-dvcncr:- 50 70 80 60 70 60 90 80 90) o0 80 7 0

1 2 3 ) 6 7 101

1. Defoliation )40 2/ 7 0 70 5") (090 2/ 2/ 2/ 82,- 70

2. ~nn'~XI1 ~.0 70 7C0 W0h 90 80 70

3. Horizontal Vis,,ibility ho 59 60 70 6o 6o 60

4. Dis 'riutirin of' lmrbirAi~o 10 b60 30 ,i0 >0 86 600 5

5. Total. Tnrget Iff2cc'.'vcnoe'! 30 60 60o. 80 hýo 20o 70 6o

1/ A rating rzcalc of 0 to 100 pornrcmt i-,-s usorl in rvaluating, thc targets.
0 - 0N0o :."ect; 100 -1001 'rrcejnfl Exfcien~~ ach .firgre for tiach
targe~t cr-Lterio-u io thue mean e~nratinol. See Apnovidie..x. A for a dc.tailed
dcscr-*L!t-1.o1 and ratirr- of e:c,_ic Y-arpot.

~/The targots oloserved from the. aiir --id [!round .mrr! -.idntical and numbered
to -ner-tit comnarative ratingo. Al! of l;he ce1evon (11) target obscrwitionsF.were. rated fr om '.hc air; howevzr, 1target obsezrvations 2., P., 9 and 10 uwore
not ra'o on the ground.

mean ratingý valuesi wo-re roundod to tho ncarco-.t irholc. numbeur.
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PART THMEE:

CONCLUSIONS AND RECOMMEDATIONS

I. Conclusions

The results of the team's evaluation of the effectiveness of herbi-

cides in controlling vegetation in South Vietnam strongly support the

following conclusions:

1. Evidence examined and evaluated shows conclusively that if

properly applied at suitable rates with proper equipment, herbicides

unquestionably can be used to control vegetation. The operational pro-

gram of vegetation control should be continued, provided the modifications

in techmiques and equipment recommended by the technical evaluation team

are made.

2. A thorough and intensive evaluation of twenty-one targets in

eleven observational areas showed that when evaluated from the air, the

herbicides were approximately seventy per cent effective in accomplishing

the objectives that had been established; and when evaluated on the

ground they were sixty per cent effective. Based on research results

and use in the United States, and limited employment in South Vietnam,

when properly used these herbicides can produce very significant results

in twenty to sixty days, depending on the kind of vegetation.

3. One of the most important limiting factors in reducing effective-

ness in achieving the full objectives of the research and operational

programs was the dispersal equipment. This equipment was designed to



deliver approximately onu. gllon Ixr acre of liquids with viscosity

sinrilar to fuel oil, in fine dropluto, This volume of one gallon per

acre, in fine droplets, did not rcsult in an adequate deposit of herbi-

cide of the viscosity used, for ortirx.=un control of all types of mixed

tropical vegetation in South Viutnoji. Therefore modification of the

equipnm:nt will be required. All aircraft used are suitable for herbi-

cide application if equipped with adequate dispersal equipment. Fine

spray droplets and poor nozzle arrangement on the aircraft resulted in

excessive loss of the herbicides by drift.

4. Another very important limiting factor in controlling the vege-

tation was that in some c.ses the herbicides were applied during the

period when the plants were dormant.

5. Plants differ in their tolerance to herbicides and these differ-

ences must be taken into account in planning vegetation control and

evaluating effects of herbicides. Since systemic herbicides, such as

Purple, continue to exert their effects over a long period of time,

evaluation cannot be made within a short time after application.

Initial evaluation should not be made in less than thirty days and final,

evaluation in less then one year after treatment.

6. The amount of Purple used p6r acre gave excellent control of

mangrove, but the active ingredients and volume applied pcp acre wt.re

not adequate to give maxbimum effectiveness in killing evergreen forest

and tropical scrub when dormant. Vhen properly employed, herbicides

are capable of killing most plamL species encountered in the forests of

"A



Victnari, bu!. the dead trunks snd ol.her vegetation still , main and Ln-

pair visiJbi!it,... IP ra',(' h foal.-hIle to develop effectivw techniques for

.mproving the fuel structure so the woody material can be disposed of by

buirnifng or other mo-ans.

7. Additional basic information is needed on herbicides -aeuipmdnt,

and vcgetation to i1.•provc t~he effec-''iveness of vefgetatjion control and

ev.lop adii operational paObilitv in tropical. regions. '_La conditions

prevailing in South Vietna.'i preclude the conduct of an effective research

pro-ram which is critically needed. Results achieved in vegetation con-

trol. and problems encountered in South Vietnam demonstrate conclusively

that an intensive program of research must be initiated i-rithout delay in

localitie:i• where there is readIy access to the experimental areas.

•. The Evaluation Team did not see or exammne any areas i.*here food

plants had been treated ,ith herbicides. Based on extensive research

conducted in the United States and in many tropical and non-tropical

countries, the technical feasibility of kcilling. all crops in South Viet-

nam rAth herbicides at any titrLe during their life cycle prior to the

production of edible portions iF; yoll established. The herbicides

nccessary are now in milita~r stock,. Hoevner, other herbicidles are

available corimercially with which crops in selected areas can be killed

without damage to crons of the sane k:.nd in nearby areas.

TT. Recommendations

The Evaluation Team makes the following recommendations .iitlh respect

to:
A. An operational. progran of vegetation control --

U4-8
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i*It is3 ni4 onrl.- r'~corTinonrled that the operatio-Lal phane of the

,r.-:.tnt:ori cont~rol. prou-nm in South Vietnam be r-asumcd immediately., pro-

vic'ec:J
a. Thct min~or modificaitions on the NO-i dispersal equipment

onCh -123 aircraft andl 'Cho, disparsal equipment of all other operational

aircraSM. ½ chan rd ir~cOditcly -to -Iel~ivcr a volume of appoiatl n

aned onc4 'Aalf (71 1/2) g~allons por acre of Thrp. . in accordance vnith sug-

gc.,ted moc~i.ficoitioiws in thi s report.

b. That the aircratt which is delivering 1 1/2 gallons per

acre malce two passes on each -t-argret by applying one-half the load and im- 1
mediately respraying the same swqath with the second half of' the load, in

order to rbaliJvor a total volume of 3 gallons per acre on the vegetation.

c. That the dispersal equipment nozzles be modified to de-

livcr droplets of approximately 300 micron size.

2. That as soon as possible a team of three specialists be ob-

tained from the United States to provide technical assistance to the

operational program:

a. Chemical weed and ve~getation control specialist

b. Agricultural aircraýft spiray equipment specialist

c. Tropical ve-etation specialist

3. That a complete "1targot analysis" of onch area to t, e treated

i~c;a~ ~asO.L.stance of thc,, quali.-iod specialists to deturndne:.

a. Stage of growth mid kind Zbf vegetation.

b. Selection of herbicide.

c.* Rate of herbicide active ingredients and total voiwue

of spray per acro.

-4. wM.
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d. .The suseti~bi..L-,? of anl hJizard to adjacpnt crotps and

desirable ve 01t.tio.

. Selctfion of anpropriate di spersal equipment.

f. He tcorological con6[itionc, including atmospheric stability.

t. *t is stroug!'" recoirrnrlndec! that vel-ebation be treated "dAth

herbiciOe.s di.ring its period of active -roih.

a. Evergreen forst and tropical scrub should be treated

7Ahen they arc• actively growaing. The period of active grorth -enerally

coincide,-, with the rainy season. It 4s pointed out that t0e rainy sea-

so- occurs at di-f:erent ti.! e of *hf? year in different parts of South

Vietnam.

b. 1o•wever, available information indicates that mangrove

forest may be treated with herbicides at any tine regardless of groiring

season,

5. Small plots, roadside areas, rights-of-way, and sinilar

areas should be treated wit"- ground" type equipment utilizing the inform-

ation given in this report.

6. That, to afford adequate opnortunity for the sfstemic herbi-

cides employed to exert their full effect, no cutting or burning of

treated vegetation be permitted for at leat:t oftir (60) days, and prefer-

ably for as long as six months.

7. That, wrherd it is necessary to maintain areas free of vege-

tation on a permanent basis, a maintenance program be carried out. The

need for repeat treatments can be determined only by inspection and know-

ledge of local requirements.

• 50
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a*T. ri1.1.1 T Purj-I.( utc.,~ ro.trmatMont, tyill

:~e rc'.qiv d am) rox 1.ma!.L c.1 ~ 'u1.b; ~

b . It J - pro WalQl ,ht ý,:oun:ý o2 hcrbdicid roquired. for

r~n~'. ~r..tmnt~ ril e ls haru irrdin `t:,e orig., nral.

P*That sItoc1:c of Tharr1., in nixocl Pinký anc! Groan,,.- herbicido-s on

hand )0 sanplodac coding to iati -1icalI-y sour~d .1eithod's, and- the ailo

sent to dihe Unitod states,., for anl!:St eemno h dniyc h

esrter!7, the anownt of each, arid, theio total acid equivalent of 2,hj-D and

2i,b,5 present per gallon.

9. T~hat it is technmically feasible to Icill all of the various

]dind~ of crops in South Vietnam with herbicidles nowu in military stocks

(ApP~cndIi7 C). However, other horbicides, art. available, corvk'ercially with

Trhich crops in selected areas can be killed in South Vietnam writhout damn-

aeto crops of C~he same kind in nearh~y areas.

B. A progr-av of Research an(' Daveloir-jenct in vegetation control

1. That. an acceler~ated YRe-.-Pnrch and Development Th'ogran, in veg-

e-tation control be initiatedl in "he United Stateýs and, Thailand, 'to inves-

tiga-atCj the following:

a. 'Effectivcncm; of 9selected herbicides.

b. Effects of zurfactantn (surface active a[,nnts) Surh as

'~a), oegeto!~sfi~2 t-tcl-ýr- andi Ywettingafan:

a. Development of' improved dispersal equipment for aerial

and ground onorations.

d. Dctferndnatinn of ortinumi rates of active, ingrodients,

volume, and' droplnt size- for maximu~n deposit and effectiveness of horbi-

cidor,,. and mixture.- on tr'opical vnegetation.



e. An~al. c'--cl.Q of' vroijt',h an,. M other ocolo-dcl-l chver'cknr-

1'. F(7,1 ih~bjli11 f, of or Of]CeCtVO rVAtoC.12 Of'uin

Ciro :nne ntlh.,r i:st~o dip:of l. 0 0 b 7ý, mat,?rial killc~d by vegetation

D,-volop an -vircr-ft clisporsal system c ap:)1Io o.P doliver-

ink- 3 gtlJ~rion of spray volimie pcer acre as soon as po~ssiblo.

v2 -hereerch T)ro!rnnm reconmmnded J rivolveri many avpectrs of

teag.ri u-l~tural anr1 biologicl ciencen. Therefore., i' hu ldb lne

an(' czarried nut --ith. concultatio.-n ndcooperatinn of. qovoxrnnonta2.,L agencies,

educational1 institutions, and. otIbors qual-ified. ia *ho agr-'.cultural and

biloicJLscioncn's to utilize Lhe,( research infor~ation and (_-erionce

of mich agencines to provide rrtual beniefits.S

3. T'n, prior to operational usre, the fina'. ficel.d tcstim- 'a

equipment., herbicides., andc t'Ž-chnriqucs devoloped ina the United States anr1

Th-ailand R.esearch on(! Development ProL-rams be a~ccomplished in South

Victnan,

)It. That investigations be conducted on dispersini., systems for

her~bicides inr sollid, liquid, or vapor form,, for use in attacking small

plantinigs of food crop--,
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REVIS4 AND EVALUATION of AtPA/OSD "DEFOLIATION" PRlWAIhi

Research Phase: 15 July 1961 - 12 January 1962

Operational Phase: 13 Janiuary 1962 -- Nviarch 1962

in SOUTH VMTWAI.

INTRODUCTION

I. General Background

1. Following some apparent deficiencies, including criticisinr and

adverse newspaper publicity in the use of certain chemical compounds

(herbicides) for the purpose of duColiation in designated areas of

South Vietnam, a group or techmically trained and professionally exper-

Uicnced individuals were selected by ARPA on direction of the Office

Secretary of Defense to thoroughly investigate the matter mid to

prepare a report of their findings. Brigadier General Fred J. Delmore

was designated group leader by ARPA.

2. The reserh phase of the project as set up in South Vietnam

was la-town as Task No. 20 and wns carried out under the juriudiction of

10iD division of NAA. It had for its objeutive, to determine the.

feasibility in the uav of chemicals applied as spraiys by aircraft or

.round eccu, pioint a•Sadnt tropical vegetation'in solected tar'goet aeas

in South Vietnam for tho purpoae of improving roadside Rnd jungle

visibility to aid in aerial and grmund survoifaice of routes of eno•

mao. iuint. and stuppplyj, to reduoe ambush opportunities teor the emuus and

to aid in -wpoing enoW Jun& bases.

+ ¢ •1
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*3 3. The team members were given complete individual freedom of

action in making observations, kinds of informaticn to be obtained,

collection of information and evaluation and presentation of results.

It was emphasized again and again that each mimber of the team was free

to disagree with any conclusion of other team members, and oach was

encouraged to submit a minority statement or report on any phase of the

subject under invostigation.

4. The report %:as prepared in two parts. Part One deals with the

"State of the Art" of vcgetation control: background information,

general principles, tand the current status of the ue of cortain herbi-

cides in vegetation control as prcsently Iciown to science. Part Two

present& data collected by the tewi= in the fiield; the analysis, discus-

sion, and coneluaions dravm fru.; these data; and recomamendations by the

towt, (a) to institute an effoctivt inTvr.i projramn of vegetation control

in South Vietnam, azd (b) to providu for cor.current resoarch mwd develop-

nent work te yield inforrotion ruquirod for .uccesjful vweotation control

in tropical regiona.

xI. Pen .Objotiwe

1. To swuvey thU r;ultn 0. all field USQ of the amnloyCO chemicalu

betwet~i 15 July 11 And 1D I rct, 1962.

"2, To uvalutt thth effotivon?.zu of thhi cheuticna oau they pertarin

to the L.Provel;.vnu of- vertical vi~ib-lity from th. air and th1 improve-

wm-nt of hori?,woit1l visibility on th4 ground.

T ~o ovalu4to thu etI tivet~nou or Vic chout4cabs for cot~rolline-

variouw ty..' of tropiotl vgutntiua undur varyin% conditions of

wo~tule, alim t~t5 and CiowirW, conditionu.

4,?2
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4.To make dofinite reconmer'aations on th., foliov,:ir.i:

a. The p)oten~tial of the emnploymient of ch,ý,.eals against

tropical vegetation;

b.* the lix±-Litatiorna xid hazards in the use of chemi~cals;

c. concentrations of chemicals in ordor to expect maximum"

effectiven(ess;

d. advantages and disundvantages in tbe use of ixixture& of

chemicals;

e. icxPloitation ol" various aielivcry -and dispersing sy~tcms

for thu chiocals;

I.the u,-e of chouicalu and tah. mc-thod of their Wrnploywment to

conftrol vugu~t.aion surrouzidinr, critial~J irwtadl&ationa Uuch a,. do-pots

and buildings;

g. th.e oeployitwnt ol' variouw cheuieiols against t~dible crops.,

covering! ruac t icui Liwt) lim±~tion~j, hazardas and potentials;

,I*. noture of ,,x r curch p~rozrwri notidvd to furthtor exploit the

employrnaint oI'- ohiunnilial for wGvuj.tý,tion killers and dufoliantop widor

vw~iryin arivirownuntal conditions, nnd Le, afftctivo within short, poriods

of timec datys 4nd prafor~bly hours.



A4 DL;CUSbIC&i 'IT STATE .. OF Tfii, LRT

I. Principles in the Use of Herbicides for the. Cont~rol of Vegetation

A. 1121E Uses of Herbicide

Highly effect2.vQ hf~rbicides are available for the control of

cultivated crops and undIz~sirable vQeg,-etation in varied unvirorurients such

as non-cropLands, vegotation in and around potabloe, irrigationj, m~d

navigable w.'ttars., and vegetation in and around military and non-military

ins tallntiona.

The succvsaftil and ~ijat wse of ht*.rb~icido* dup~nds. uport a knowlcdge

of the statv of thu z~ciý,.ntific discipline of' woed and vegetation control,

t~ho art ofl thr. ut~t of thkiD t,,ýchnolo~', atrict adhorenec- to th4 dotails

mnd princ iprt.' of uppropriattu treatwit ruwthods3, rind L-frvetive progrmn

v *att It'w det~i~la of control trontuiuntz diPfc-,v by localitites

bucanuv of 1:i.`ferurcuz in vie.,,tation., soils, cliri~to, mid grotdri; con-.

ditiona,

l.aeny dirffrtint typers of hmrbicidoa are Q ii uo(d "or~ voet~ntion

control and nuiny othors fir( budng uvaluated Qxporivic-Auly to dvtc ~minc

-their use lnqsu. In4 1,61 morv than MUO til~lion poundo of h~rhioidej

were ustid on mori4 than 50 iiillion acros- in the Unjt~d Uet~taAt a4 coat

of about 2UO million doUlari to the consuwar, In addition, vegotntion

on hundreidi oLf thousuindu or viilus of ro&idoih, rmdlroidj, ad utillt~y

*lino rights-o-wi~y iu. controllod aind umintstined by tho woc of herbicidta



in the Uni*tf-d Status cac'i y x'. .-- ' c:rcQ

effctctivte in controlliný-. a wie variety of vegetý:.~--' under stri.kingly

different climatic conditions.

B. Dofinitions and Classification of b.erbicides

As an a~d to the intcrpretation of this report the following

definition of' tr:rrns ma-y be. helpful:

1. lierbicidte - is ,, phytotoxic (toxic to plants) chenxical which

whfen applied -it appropri-ito raftos and growth stagos will inhibit!, control,

or conipletoly kill -.11 or si-lcctud pprtions of or kinds of veugtation.

1wrbicide)2 will kill purennial- vcegctation,, but in donso, difficu.lt to

cont~rol veq-.tation vi''urc-a of herbioidloei and rr~peat trentritentei ar','

requ~irid eor cornpvlct( conitrol.

4. Utfo;Lat -is %% Lqvnt which c-tujv thc- L-A-vos to swparatku

Lund fall froa * Dcoliý,nta normal Lr o n t kill pr ni l v gt~i

tion kind rfgrowthL u~ually occurs. ThLM rt. ~ no knotv ei clncrcLs which

will cause- r~pid dtjf olittion olf iýýcx d. woody '-rtunnial voýý,rrt~tion,

v. osiccont - ~is IM n Which cauncs U10 loavcti of plants

to dry with or withiout sbivquunt dut, -oli.tLion, )osicanrts norit12ly do

not kill Ieoronninl vowt'~t~io anrd rogrowt~h uaunaIy occults,

Herbici~oifrthe purpoue ot thits rport, ray kv bro-xidly Mnd

Si~nralV cD%*4iit.~d on Lh Laiai oi' uat A.4 (i) Cn~tact hcl'icidlos

ht2)inti rcbicid-v; ~nnd ()soil ucibl3-A . All h rýI44uiqo- umw

beI boitbukh i sol ctivtu or non-.acluctiv d.u~zidingj on tMhz±r raitu of apjpliocu-

* t~ion.



Contact 'Herbicides., are phytotoxic chiii.swhich ur~n -rrnlied

to the foliage of plants, are not trans located to oth.3r parts of the

plant., but kill by localized action at thie point of~ applion-tion. Such

hcrbicidcs c ause raocid dusiccation of foliaqye which rmy or' may not

rosult in de.Cýoli:ttion. Ain&; atpoliccntions of contact herbicirdcs r

usually not effi-ctivt. in killing f),rennial hirbact-ouB or woody vvq;ct,ý-

tion. Such h~jr!icideo ar-o effk~ctivr. in controllin[ annua~l vcgctation.

Exi~ksof co:nt-tct hriic v dimthy).arsinic acid (cicoxdylic

ricid1); pentac %lorophenol (POTP); 4, 6-iniitro-o-sý)-býutylphi,.noI (DIT$P);

mnd ,1-tyli- 9-iyii i dib~roritida (,liquit).

Systýýriq liýrbicidczi, nx phytotoxic chficalU, whlich whcin

to theioli~ or roots of ;)I ala ai. tr~nivoc!dý&d Lo other p'trt- _of

thc, r1int mi Pill by local a±nd syot,,tic action. 3iuch h~rhricir~1tz irwy.

uiovi~ fromi tlh% 2 ikyuz to thv, root5. &iviqz, -n coz;-pltv kill of rootato 4fld

topi of plartu, i* Zhci&y <jlt o bv a oorb.od by Qhu roots& ud trans loc,-t,ýd

toth topa, kdiillZIý tho; yvltivru PLmt. High xrýAej o~t a.!,tmdI~c horbicidga

will oftcn &-ivo cont~ftt -tatior rcimtltin ini dosiucetion which miy (,r muy

not Uv ac mnpý -d Ly d~oroli.on. A ainelo ap~i vitima of 'IU. d

ht~rbiUidQ ia Oft'Ail %doqultý to C m~trol anmu, I vq.,,A#-tioin mut :nort: Vhar

h~rmollaPn ;tovxy vor:uvt~tion * x"mm'A" of li-W~i herIbicidoes it:

acd , 4 )5hoz~ acid (cd(4-); 2,43, Wi) .3,6riorhuoy chloroC

* hyun o~tic tueid mid 2,2-diohlozropropionic acid (Oa]npon). 1
f6

1%
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Soil sterilnnts are nhytotoxic chzc- ~o Y. " Cd t

bhe soil w,.ith or writhout emergezd vegetation prese'>-, kill all vegetation

and possess re.-sidual a:ction in the soil which prevents the rcgrowrth of

vegetAtion for periods of sixc months or longer. The use of thcse hurtS-

cides in the: dry seasont should be avoided asmoisture is, req~uirod for

teir effective. use, tczapc of soil sterilant5 arc:

1-itc hyura(fenur~orO; 5-(4--chlorophenyl 1, 1)l-dime~thylurcac, (monuron);

2-chl'ro4 6bis(cthyrwin )--tia~in (imain);and 3-is oproryl-5-

b~olo-6uetYl uraciJ, (h,-4;2.

Herbicides ,x%.y bc; usjed for viqetntion control, defoliation, and

dtoiccation. veric-e o: dturca of herbicidcs arc -Waibb~le which

* will kill thu tops and. rociti of moot pl-int. (N~o hterbicidczs or zither

chuwicals or zrdiixttu o2 amxiwl 1re nown which will eoýuao rapid defo-

liM~n o Ye ;ettio cotininj:, a waide' rrxiizty aof different 'ecicz.)

!wztbici~kco im availut-1 wAich wýill cius iri..ecteita dezicc~tion o. :ohig

1:ithozt V ~iolialtion and without killing t1hc vuPr ~' 4 *hitric iduIc :azy

disQ cnuat. soow- up~civ te o tlowly: 3hed their lvtwxu3 if euvmpl,-ttly clusic-

oc~ttd, wihiUL otiwr platnts w"y -not, ;3hd their lu-weeeL .-ven Iftur ic vvrt.

dorduc3i Ain nd. cow pi.k Ic top kill. Samm hu~rbicideconpi -nmxd

v'ctak4tiwI nVt onuse, rnpid thloColtttion of scxnr planm~ ee-hl

ttctwally inhibitizw d erfcltitaion of othe~rs.

'Tile phcnoxy Wivrbioidcu vri the azot v'idcaly uatd hwrbioidis in

th4 :jnikl.ud $tt w* Th ,ýrbeicichil propertices of tht'it chemicalos wejru

re ported in. '1)44 and nipuc that date Uthy law-, bevn usn4 f or weevd and

rround w tttp FV eplWVfnltiun1. or inhibitinn 0' p:L.~aGtO'
(tv te~~tnnr fi xt~ou$~~a~ i:Cfa)



brush control on anx a..grvia L.,v )I on.

croov',-nd -in,, nor-cropbrtan. Clurrently thuzu.;( herbiv;- ics ire being: uscd

on --,.out 4G- iallion ttcrQs of cr1op and non-cro~l2.ncdl for weed andbrh

control chyi.

3vvcrA l horiciduso in this group bincluding 2,4-dichlorophz..ýno)'-

acc-tic acid(2.,4-U'); 2,4, 5-triohlorophc~noxyace tic jtcid (2,,i,.5-T);. 2-(2,4,5-

trich2.loroDI icniog%7)pronicnici acid (silvax); and aitdxturc of Tllt,;St? areC

wi ':ly '5&Y tQ control zWdXud dicotyldonous =nd rmalnzJ uonocotylr'donous

pin1tL; oth';.c than >rnilgrasses.ý on non-cropkndv. hcinwor hCrbicidti:

,rm avnilablc -au s~;lLv !td t-ztbýr' driý.vativws. kZh.y anw o,' low to intcr-

:gAI-tt'.ý ordl toilcit.Y (155 37 to .1$,ZOL ry/kg).

The ..t ura Oi' 2,4-1) e=O ,4j ac, -~a ofi\'rACLIvt. th"n, 3flt

fortlt~to:~ on cicdto- all 5c±i,.ý 1-3poeisilly in arvi~z of' fraiut-rA

h rtv n rnfili. 'iOtuzL !.ru two typos.a k cCo~t~ti of 2ý,4-1) tine 2A4,-4V:

(1) the hjjjj-vnl:'tile uj': uch ts..Vi thyl, .hl ppo4 buty,

U.nAvr huld h14:h tv.lt!rqiýturvet, (,0? F) cenditionu rtvorinr v~yid

whrrnth wi 'vcl%±i~ty to niot "t hiz ird to .dý1jvcett or mrirt'y eroan1,

to uatz tht hitI-vontl, v,:Luru! in tsrmo adjtcen oornr.scpi

-rlm h11n Ltamppurature '. F or tiaf4, ;;hen tu&4it)ltroSu ecXvq4

awwprofbt- ht ih idh;V~tivvtýruwl ak



inj-xv t a1sr0 n~c 1 :bc opo.ou, t ;h.t. Jow-vol-ijJilL.sr iro much

L.,ssL h.: zardouo. dA iconti ,-D'd ~ '1:uxurs£ aininng

boh chcn1.ic:zls will kill -t Lroad oL.xýctru:.. of croo Prccautiorns

mutbotlcn to prc-vunt spr-n' y ck'±t or vapors from; coainc ncot

wit s~scntiloc.-o!p or ic rious dnzlr'-ý will rOsult.

0. How PHtrq-' Ubii(s ill Pbn.uto

W~rbici 11 kil il .~t .' jntc.rfrjng with csnit tycoi~

~2)CJ2S uch >In~T2fit(A~Apo~~rtss oilb prcvctint, tic

aynrthtcsi3 of :.tbrQtc,'c? svitv.Ldns,. --a-h tx tJacqtiýl t QVn plvnt

erowth.

o LIt'i ';V 1 iWc vv',4- 5atvw ro.i7hain 'anp~d tholki: :'out;

gr~twor V'a: t't~pitn.ia th- . titnk -o~&rtrc,&s hacldy mcri: 4rn

'aM £vrt TV tolr ~twwr> "pc lW$~a. - ~tv

in 4l~r 'a vtititi Wt tnvi~ratn dUn~d a441 e:;CVj cW. 1 tinf'advor

Vo LPAdt. tin 0s:Ah. ,~~ /-rK 4J.&P ir4.#V ,4,fiU- Al4 v 04c.. Ip*1ti r leo lthcC

A' ~ ~ ~ MIR FMt-~n~at iAV::i.Lil 9 twIr licit-itI ti



stwand roots with the, csu-rohycdirttusn. ruhQaL.b rx foo3n~j

in Th.ht lteaves, If the plants -tru; donuant and ca-zP &nr-tcs arcý not

moig frvn %wl levst h ot, the iziidcdo not move cffcctiveý4

downward into the rootj; and, their effe'cctivuntss in killing vteget:ation

is ~rtx%4ly rtduOzcq.

L pl-Dt ':J1. ani2,-? farc syst,ýtiec, hruioc ý. hruicj.,,

their clirly ýXýLcrz (I to 2 wa cs n vcgctntion :'ftar treauaesnt arc

not ats sp,ýctý=aej;- &s thc Ae.siccntinctr! t.vIb X b of contAcr

iw~t~cck,, En' i.-rvc~r., and, bvýCAT.UW 3ý' he±rMo&ý 01, nctx, it ij

difficult to 4Vkats-%rw thC:L' indt'iLI Cct r eorý C'nmj-tv wod' výtL
~al~rt"- 30~ dkyn atrt tx" d t,. ' bKLt X ~ notz

tm trknt) ' .c±k wili art p tkiAr 2141w:& Coflllwine .% t4t zi o; theg

Of ýAioh LMt-aei qn~i ic :;~4. 4.vrt on ý 44L~ .i U

C~n t'L' L*- tAV 14rd o fittU=

tr' ~hvit-, the UtdtQ-d' huat, a Lo, he,- trý ýAL -Ut t.ýŽ

U&444 rw t%-M Ix Ii 1i tai dflbl44 LILUaLvj $i0 in Inj ma ij, Cor;art-j



ri!.hts-of--wy,-jr :nd othcr non-cultivaLUed ..reaý: A'Ut;rj i. woody c-

Q111ijal 8j)VCiVZ- such1 %s pa~ t oak, b1'xýckj~ic]: oak) sh incry oak, mesquite,

s~. rus, i bbitbrush., wirllow,, ash., maple -nd :xiany othe~r spucies.

Probbems encountcrod in trcating l-Lnds.- of this kind are in rwany respx~cts

comparable to those, in -vogetation control in South Viotn.-mu. The roianln-

ing ucreaige trea!,tcd by. nircriaft involves ueloctive wee-d con~trol in crops.

If tho rucoi-iuncndations for the control of woody peornni~il plints

by chergidcrls applicd with ,,Lircr!ý,ft in the United Stntes arc summarizocd,

sonu principlus arc consistent in tht; treatmeunts. The herbicides used

most wvidely '%rQ the (-stcrs of 2,4-D., 2,4ý,5-T, and mixtures of the two.

Thu ratesý of applicatCion range from- 1/3 to 5 pounds acid oq,ýuivalent per

acre (equivalent to about 1/13 pint to 5 pints of "Purple herbicide" per

acrt;). These pf~r acr;e %ctivo ingredient rates arc applied in n total

volume of 4 to 5 ga-llons of fuul oil or iii an emulsion of onc. gallon of

oil to 2 to 4 gallons of wa,.ter per acre.* Lowerr per acre volumces of hter-

bicides have been investigated but a-.e not used because of inadequate

coverage of dense wioody pertenniil vegetation and too serious drift for

mcoxdmum effecctivcnt.ss.

Some principles of spray deposition are outlined on the follow-

ing page.

7A~ 7 -p0,7POM i No



~ ~ '~'~i o' .o-~e~ I~ ~ aurcInch tby Dl.timi~ Onu
o~Ii. Lquic, tnli-fori:lv Ovm, i~ 7Tr.'.f: ce. of onc- Acre

200 V2
'1100 -

(Y) 9

n~ ¶~ ~ __~Oror~ Drcmleomc o.. :ro "j~n t Spoci~.Li rravit-' of'
1.0 to Fall 50 1'~ in Still Ai-,r at 70c" F.

]~.v ncllor cm to Fall.
EU.crons, 50 fc-mt

200n 1.3 s c, c~
l0() 51l Peconds

Tabl c. 3
Tr~Lristance,, Tha,- ta Droplot 100 1iicronm*; in T~.Pjarlt'llr With zt Sixtcific G~ravity

of' 1,0 JWill.' T.rift rahle alin,: 50 1Icot in Air 1'lovin', Parallel to the Ground.

Wind Velocity Drift RIl;tancc

2 175
3 .265

5 3)435

10 765

12

U e'*t



Usoin6 th(. ini.ormlaatjiw :.ri Ta.mL, J, d) copLt L K~iii:Lcri'on in

di~t.~. .i voul~i (I.rict about enc-Courth:nd ma 50 mna'-. -i droplc. L -tbout four

td the2 dis Lance.S givuln.

Tho re!-Lation of ptv.rticle sizu of hkcnb'icitlcs atnd its relation to

the-ýplcation, d!istribution, aind duposit of he-rbicidal sprays is

criti a llr irortant in aichie virig mý:.dxaium clikctivc- control o-L vogetation.

If' thu par-)ticeI( uiz~u, usptucially of volhtilc horbicidco, is too s&l

drift is :--erious for tvio imoort ant ruasons: (1) the ho~rbic~d c. is not

d,-positcd in thQ intundud spray swatli and the' resulting rate of applica-

tion ma-y not bt2 aduquat,.' for vtgotation control and (2) phytotoxic drift

,.i,-rticlus will injure or kill cro. olant~s and othcr desirablc- veautation.

outsidt.:. the int-e-ndedA sprVy ,,rca.

Thu ia-ost effectiv;e droplet sizes for thc control of viegetation

in thc: United zSt.ites, using et of 2.4'D -and 2.4.,5-T in volumes of

3 to 5 gatlloms pur icrm, ha,-v-; rar.-ed from 200 to 500 microns in size.,

wait somec smallcr aind some larg-r- droplýfts in tho sprcijy pattern. deposit.

II. Dispcrsal of Hurbicides

A. i1iethods

Herbicide, applicat ions in tho Unitcd 'taites ar- niode in liquid

rmxd grenu1J.ate.d f orm with oeftixctivc results * The applicationt of 'hrbi-

cid(es in dus~t form hat; btuv evaluated but has been discontinued because

of se.rious drift problems. Thci Fikdcral Aviation Agency forbids the aerial

.ýplicatior, ofL he.(rbicides-: in dust form for this rmason.

Howreve-r, whcn applyinlg liquid hcorbicides from the air or on the

ground considorationw must be. given to the dcgree of fineness of the



Vk (14UCw th!. d&Co.~it.rcv byr till. tar;>. t

,,.huru app.lc-ition of 11orbicid, spriys is mac.vi, by aircraft,

the i-en(eral nr.'actick: ir Uw. United 3tatcs has,-- been to apply the rtiatcrial

asi i reLtivoly coarse.; spray. Ccrtain st~shav,-. established r~.gula--,

tions controllint- thc num~ber of nozzl(.!s, orifice S- e andoprtn

!)U1,11) 1',ý55Urý. th~at mnay b,. usecd on :ai--craft cU,,--pers-l cquipmernt w~lvn

pplyini- Vlriaxoidi,,. 'tlnd vti-ocity md -)roxirsity ofC susceýptib).c. crops

,re, 'LIso r4;quirtmd consid.ri~ations f or npplic,-tion approval.

1-, furtheýr control drift and increasoen duposition within the.

sirith, nozxlcs aro,--oitioncI to ruduceý. thej -mount of.spa th :.t may bec

drawn i-nto thý.votie form~d by thec airplane's wingtins. drop-

lets3 "nt(erinj-- thi, wingtip vortices irej ralsý.x1 to grealter heighjt thanx

the. remainde-r of the; rpray not so affectcd. This irc reascs thte time

required fov thu droi,-lLts to rueach thce ground -Lnd thcrceby subjects them

to a longe~r period of drift Which may carry them out of4 the ta-rget area.

Spray droplets which drift out of' the target arc a will not

be effeýctive. in Producingr th.. dcesired vugotatiorr ccntrol. This considera-

tion is most iriportiint When tre-ating aruas which require(- only on, or

two spr.-ty swaths.

Ae.rial r.pplications of hecrbicide- sprays arc normally made

whon Lhue air is reaieyc.alm. WJind should not excced Live milus p~er

hour and there; should bic no thermal .:tctivity. Howevor in the treatmecnt

14
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01'li'ý 'msuir fl,)in';, c-an b(, C(,! ductuýd c~La~:d J.Lh

hi;1c' elociliur; maay U, toLurat,_d if the w-ind i.' 'u- ady ,-:ith no ujvidoncu

of' ocrious updr't1fts.

Sprn'y huight abovfe the- targe-t is usually;, dictated '.-y the, typo(.

of' iircrift use.d but shouldI tk; only as 'high, _,s is consistent vrith goodl

swvath widt~h and de.posit distribution.

2. Ground Application

licrbicidcs, in ispray or granular form, arc; alo ffcc tive ly

ap~plicd by Ls._veral typo)s of' ground c(ýuiprent. Cerlymoro diluxte

herbicide sprays art,, usecd in gcround spraying t~han aro rccom..c~ndod for

acrhi-. spri-ying. 'jpray volurm(es arc thc.-reforc usually somcwhrit higher

than in a-ia pplic.'..bion, resulting in -croatcr vwet ti~ng oi' the vw;acta-

tion.

Although the noz.ýýlos on -round sprayer crquipnent ar.,. usually

oneratud within 20 to 30 inches of thru vogeta--.ion rcceiving trecatment,,

drift cvn b(. a problem. For this rcasoni it is acceptted practice t~o

emi7ploy i' SOmeWhAt lar,.gcr droplet spectrum size. for hkerbicidc spr.Vring

thjan for in.s,;cticidc sprýWing.-

The applic~ation o17 horbicides by hind or powe'rod ground

(equipment requirus relitively calmi wind conditions to pýr mit k~f.L'cctiw.

trcatiaent of thc, vog-ct.-tion and. provcnt drift injU:1-7 to usL:f'ul vegota-

tion in the iriunodiaite. vicinity.

B3. kquimgilt

Recommetnd d equipmont for the_ disp-rsal mnd *application ofl hcerbi-

cidc-s in liquid %Dr granular fori is vcn(-.rally similar to that for thc

15
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nmplicaition of~ cthur liquid or rranulatod agr-icultural chemicals, The

bisic difivre!cnc in horbicidu. spr!W oqjipmo~nt io nt. largv:r :iozzlc

orific, si:zos and lower pumip pr(-:3ureos -xc uiied This produc co a opray

of .!xgt-r drojpLet sizoo t~hrt would normaclly bc used for incocticide.

sprayving.

Gcne-ra:ly sprny k.quiprniunt uoi~d -"or Iierbicidc. spraying is not

uood for thc' %pplication of othur agricultural clienicals bc~causo of the

extreinu difficulty in rcrncving all tr~cus of h'orbicidc from the sprqp

systcm~, evvun w-tzn pivscribed cloani&rQ procodurcs narc used.

1. 11rr~al'

lhost iori~'. :pplications of hurbicidoe3 in thn United States

tir, iwidt -with cmall airplanus similar to thu Piper PA-iSA, Piper Pawnee,,

Grumkman Ajg-Crt, Snowi Ag-Plane., and war surplus Stcarman biplarL s Thcoe

airplane's arc canabic of carrying 100 to 250 gallons of mnaterial. Very

few largc or taulti-anginu airplan. s have Woen employed to apply hurbicides

in tho Unitrd Strit'.s to d-tce, ulthough, airplm-nes as lurgu as the B-17.,

0-46 and C-97 have beecn uscd with complete success on large scalo aorial

insecticide spray prograim . Therefore experi~nice, in the use of large

airplanes for dispersal of hcrbicidc sprays is limitvd.

Sumall commurcial1 vorsions of the Bell and Hilllr helicopter,

capable of carrying approximatoly 100 gallons aru used for herbicide

application.

Thu basic pnrts roquired for aerial spraying equipme'*nt includes

a tank, pwap, control valve, and spray nozzles. The nozzlcs ark:

16
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11oz~itonc' o ui_ ýthc.irerat.t to )rodw,. .m~Lrf~tv 
1

j. ~t::Lh'iricav:1't. Lo trv..'i a-,; gr ,at 'ui ;.rI::a -,s'ible. during each

s;)ry run,.

Th,. nwni~b.P oi* orifict; and purip, output

C.'i.),lility mujt, b,. t.dilorcd,. t(- tc-ach oizu. and ty-pl otf aircrnft to delivor

the ~ -h-bcdclq id t thk. dcposit r-atQ dclsiricd.

Fhccaiwv mosLt acrin."Lly applied h~rbicidv,3 artý usied in the

unit(d St.'tcs at volumc,_: o" 1from': 3, to 5 gallons of forrnui.-ttion, cont~ain-

ing .!Ctivc inr' c-diorntý .; c.-Irric-rs per acr.., the aircr~aft must be

LqUipped with , ump and pltunbirng systum capabic of grcatur volume; thant

requir-.d for most :1'crial ins(ecticidt. appliciations whc.re onu gallon ')Cr

acre i~i uoually ackq;(uatc.;

To provide a coars,ý spray,, ond reduci.. drift,, a minimum numbe(-r

of high vcluxii.; nozzl(.s, arc. usecd. Tht~sL- al-c usually positioned on a s-)rri~

boomi which may bc. locaited unckr or behind the Aing. The nozzles arrc

spatced along tht; boom to providu nee distribution of spr,.,r across

the swath. However, thcQ iost outboard no~eon eith(er side is kept

well inboaird from the wingtip to preývent oxceso atmounts of spray from

entering the wingtip vortices * The nozzles -Lr( equipped with som'.b. type

of check vlAvu which nrovidcs sharp cut-off of the spray -Md prevents

nozzlLe dribbli.

Dispersal equipm'2.nt inmtallcd in hulicopttcrs for hurbicide

application .;i usually quiteý silmilar to the boont and nozzle. equipment

uwed on airplanus.

17
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Thte remcont accoptmvncc of invtert horbicid.* cmulsions :'or con-

t'Oll~inli; bI.1111 ai1p ow i and pipc1.inQ rights-of -' ,y has brought about

the dcývt opni(nt of '. 1iorizont~.-i rotatinv_ dispk.rsal dovice Qp,.ciJ..-1y for

a.sc or~ la.li-copturs.

.'Tanul:.ti..(! h(irbicidr,.s are, c.,,!ily diz-,*ers(;d frora- O-ircr-oft

cquiippm. d wi~th modern dyx :uý_ting cequipimnt--t u=in- a multi-v;.-n(A sproeadtr

loc~ttcd undir th,.. £usclr-'.;ý

Thu Crimthmrv.stur, ir.',nufacturcd by thli. Transla,)nd Coir,,-any,, is

an (-xcellkcnt distributor ror aranules. It is an airfoil shape-d sprea-der.

Thu up~pur surfacQ is Derforated for rc;lc~ise, of thie imaterial. It can be

use.d to dispcrsc. dust, granules or liquids w-ith little or rno mnodification.

It w.--s oriiginally ()3esilgne;d fox- usi; on airplam- r, simnilar to tht.ý Sitarmann

but is now bi~n., uscd on lirgQ twin-engine airplanus such :aS ttht North

Americ.-.n Ii-25 and T rkh(ecd PV-2 to apply 4-ranulated insucticides on

lairgeý scalo e control pro~r~runz.

2. Ground Eciuiprfu~nt

Thc Ceea.type.s of groundi spraycrs tuied to apply herbicidos

*_mploy spccially designed horbicide nozzlts which produce a coa*.rs(!, fan-

shapod sprcy, mnd opor ~tt; at low- pres sure.* Ground ecuipment includes

boom and nozzle sprayers which iLvjy be mounte-d on a tractor, Jeep,, or

trailer; higeh clo~avcc, -Ief-powerod boon, and nozzle prYrs

speccially built for operation in tall crope and equipped with boom drops

to plicc the nozz lus at the 'recorriunded spraying height botwecn the rowf

crop for weed control. For rote.dside spraying of hurbicidueb a sp~cial

..... ...187



--- 7ý v

adjustable sidc. boom sprayer which niouiits on jce'e or trucks is available.

A hydraulic sprayor may be used along roadsides or or, rights-of-way to

reach greater distances across vogetation.

Low volume airbiazst sprayc-rs n~y bc; e-mployed for simiila~r

v,4getation control1 wherc uncontrolled drift of the herbicide would not

create a problem. The) Buffalo Turbine- sprayer is onu of' this type.

Airblast sprayors are vn~.able for trailor, tr-actor, or jeep nounting.

Backpack or shouldor stra~p carried hand ope.ýrated sprwyers,

holding 2 to 5 gallons of~ liquid arc. affectiv,.- herbicidc sprayors for

all situations whert. us,. of largvzr powcrvd oquipmnt may not be, practical.

A spw~cial hvrbicide t"(; nozzLe i&; suppli-c1 and m'comiondod to provide.

gruater coxitro.1 of~ thei spray dropltito.
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o~v un :r~ mdl n oI.tEh ) Or:ev'ent kl.Ardr C' r)tat ji.' :- r~cors'-

arv "11'r "a~c-.2 approc'Latlorn o0. p1c~rrý6J-emc, ot ' tt~~ control in

Caltl Vi1'tind

~tro-t~t::.- ociiCCY7ý t 1r- 'moti & *ie tal area o:-U-o country.

Tvnatural : I~os. avcý coo ~reatl-- riodifiocl'o-b cc~har.inf ltr for a'':ri-

cutrand 'fova-Clo-C-a it :ifi;!r 'It ba~ ½o Tar-ia d for a. t-J.ric. Such

clearli ~ ~tilim, aneL abandoninam-t ivo risco to a secondcar" Zoroz-t

that dif.Cforr :2rr. Lc = Driraaiw:- foo-t. n mt ini'icant charactoristicrs.

Princii~al1. ..,

Mhe kin&k of vegetatioi n-5 irr. -'diate c1-!,;rdfiicanco rc the stland-

moint of ver-o-tat-Li-r contro' arr. drio,.vc fvrr~c oro~t, TOnI'rovp foroi!,.t,

an `tropiec:1 rcrub.:. W~ero forI~r, closcribo7d >)clow, lncluric both

p~ri.Lr7.;tjrc havo not bu->a cut over--ard J" ro r 5c 0t~ s U k-

havo r-r.uonl laaids wh-•hei" j~pi.mn-.r-, haros bet~* bo--I OOVQC..

Evergro-en Thý'reibt

Tin aro -- irlmiclb woro nxmca;~nod, thc. ovorrroa-:, forestv' ct'!,irti-

tuted dCi a "hi:11 1)' orest"l ov':rstor, hxvi~iwr trees u,. to 90 tu, 100 :(Yr"t :

tntal hright, anId an lind:--rstoirl of -T-rnntreco hrb, and herbs- (Fi-h. 1).

Trees of' tY~e ov-r.,tm*-.- arr. n'orl;t17 large,ýr thavn 10 inches in dianeter at

breast hoig:ht ()Ii.•)f, £e't a.-im avararle ground levol., ab'-reviatcd dl.b.h.) or

lareer. Croi-mr of ovor!ýtor~r treer, nsuaally form~ .bto :Ln-rcomnnmloe r

which 1;'cTho rlr fIormn P ver'-,-'frizc; canop zand, at atthcoi ti'~e, iia ob. cure

20
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~ ~ '~' "'"~; ft-ml'gIO~ ¶'1014f iO1-rer ).QVol. of'

-,V -,Stor'- troo i aro tmcci e ot Dnl:.hargla, Ca)op t. L:Xui, i.'rcaiys

Arorosa, 7~.ni ,Tcurni of -Lho ý,Liat or !-rc~c 1ýamiboo-;. Sc of

theo!n t-rces raolneitivel,. lar.p n t0-il-tro-scJ.rod iz arnýrP' :r ha%,v ossen-

tlaL'* sr~¼ ran; Suh o~ lianarluod' vi re,; rteach inotecrownzs

01 'b(: ov~:t'r-tory trees andO arc! intricalt.ol.,. int:?riroven in 1-h-: c anop,'.

1"he 1?ndorstoi~r -1. cor-titutfld-. o.ý slinfos, horbo., vinc'ý-, and s- all

trees, IHocst- of~ 't.!is --roi.th if- le--.; than (5 inch.-,,- in d.b.h.,. and un to 2-0

to 30l The-.t-tall. ilo.,t of the s mall trees 11elong to teunOde-r'story- vego-

~;tobutL- sozotc:. arci youn;p ýroirt'> f . oversT,'ory,, s~~ir.D ooo,

vines such -ts lavwynr cane and rattan (Calawm-s sp~p.), and -'raz sos and

other hnrbs are set Closel~r toehr11 ego ms eybiiutt

travel throu;-,I, ari, in ,evtich vicibi:lit.; o the r.-rounid is IiimJ.ted to a fpl:

yards,

A foi- specins of thre ever,,,3--.en "orent -arn deciduous in t'-hr. ('irY

season, indicatling, a transitio-. zone, to a seasonal overr-reen fore-et. In

the areas vi.sited,. Petpto dasach:Ls ancl Diptoroars -r-Aicau ttuj

were amonng thre dociduious trees.

Difference,- betireen pri-rnr:'.- and( seconc",-ry t'orests are chieflly thlcse:

In. sr'conrlax-f forests there. are, foior large., tall trees -in(- Vie '-ronerti-on

of lihrubs is greater; the undorstory vr','c'tatio.n. is oven. more dLe.nrou -U-1

difficult to p(!netrate than in priTzIry -forost.

Veg-etation of tliis kcind frequontlx .w referred to as l1jlz :loll

hotwovr, Jungle is a floneral tc' -Y.-ani rig an, cense or impenetrable tangle

of vegetation.
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.J2 crntrrts t!; e vorgronli i'orn:t, U-- mincrov- £oro-,;t :13un:Lflorr.

:v trutm'jC 4j.C' _Ly (I ro~i~n in rv are of !-r, enra 'in~lr: Imoce

wiJt.1 v thz.'- ý.rol abovrc.t~3 lirl'S. ~; in marshy1. 'to poi: an~ it:~

tin *I .te sar ~iatkrm e .. m to foru Ocden~ r"rire of~c o~ ven-

x11iec rcmvo o' trý,cs Iin each grotr-. the `.m~e,, aro of aboat the nme Sine.

1101,7,t and cn~cer Var- Lt a!7, rmlý.x iinr teo frwi. ?5 to nbout c; 'r 0

fee~t "07 .4i., 'and t) sro~ o 10 incý-.!u j~ ar~c~r ii,, d.b.3. TFho troeer arn

charactucrizeCvi wido l oai.i pr op roots, that itx iore both rmovor.imn an~

the voroiund and. v -xii.b:Llit; ton, crovmo form a sr.E~Lv layce-r of-: no-r.rI.r con-

tinuo-us c~anopy tchat affov-.1s alm~ost comunlote protoctin-a .' roli a-*,r c'esorvatiofl.

T:'mpicalI.%y, hor'bs or othor ('rour1(' covol'aoro. absenIt or cn-ti-'&lr lanck-

ingr, 'but c.-conticonS do occur; 1-in the vci.yof' HIni Yen PJathul r HLoa I S

place), theire -fa,- a ,~round r~over of ferrn (Aecrstichizi) u- to illnu` rt:

fenet tall arC.C dcns' cnnou:. tý- nrovidn t,;-rly comp.rlete covor for, ro.~

T'rornical. Scrub

Of ntich loss iunortmcnc, 1-mi ancoimiterocd occasionally, Pro areasi

of tr-'-pical r, crub . Thoirs. arc mos-t coramnly places i here. an aosortment of

~hrb~' ~!no-., and r:ravsoe:ý have occiupie abhandoned cropj.anrus or :ax,3.M-r

laml,:. 7requetlyIjj~ bariboo ils an inpor-L.tarlt constituent of the vocretitibn.

ahe -oo. 3,_y vegeotation ranr:r,, ulp- tn aboit 15 or 20 feet, tall--therc

malir I-, a f'oi- scattered smnall. tren:; llvit r~ics ribovo the r7, ral leve). of

1;he othIer vegcstation. The shruibs are charac ter;. sticallyr sove-.).isteirmernc

and. tv-cir cro-,rn,. ar(e. often overrun with v-ý.nos. Vocet:ntioni ofC this 'Itnd.

affords afV'.ýctivo cover aLnd eoncealooint Eor menf, aniria).,;, and1 equi\p~n.nt

23$



a.: u~ ac'liO~.ItlL is cccrni l,,ifficult

Th~c~tat 1~r~tr:k~tte- ~.Ccnnoc-JV ;iý~ii.V~~hIol Control

rc.: ttturo, o2~ +:roniol fores' veget~ation are in, narkcod con-

traot t-) foroest-:: 'urrooiv..* Thesca ftc,-turcs ivaa hv, [reaLt rsigni-

Li~c~j coi-uectio-,'. 1-1,11 vng-,e-tatic-n control.

CM1nop-I.xiticn an.-! S +,ýcturo, of thoe Forests

The niziýor o'C d:.L-TFfore~nt kindr: ' <rees is rrach !'?rcatcer in tro'pical

forJv.Th :-' al." ~ 'imnumal -to rfInd oevorn-- hundred cdii7erent kinds

o~ plantr:-troes, hr&',and' herbs--on W~ingle acre- of f'orost in the

tropics; th~irt'-,, to A~ft,,- 'kind.- 'yould I-) -morc usual. ini teripeO-ra`Ce rojions.

Tefc Ct-ý-hat each 01n o, plwnt~ irrv* differ distinctlyv in growJth rer-polses,

'~~e n~al cyrcl-- of groi rth., in tolerance, to 'herbicides, a'd L-- othecr

feoaturcs -Is of Areat Irporltwince in plannriml anCI exocntin- operations for

th~e con Trol. of vef~itati.ozi.

TI, r, tructivxo of'tos forcsts--that is., the. arranremeint of the

canioypr and unrierrroirt1l in dlistinct layers--and the hi~rh denoit-ý, of botha

the. inldividnoal l Wye I "h~d ie tot-al. -lant cover are irmportant character-

j. tins. Statenner, -o "re m.-ade hy' V-I.otnamese scientirts qnd rilitary .rer-'

sonncl., haviriy., conoiderablce acninatintanco 'i-rtIh the natural vegetation., that

thn aigheL~t levels of f-he tree canony M., have shielded the lowrer level,

r ron' theý herbicides at the rites and timos of application. Somec evidence

tending to conf irm these stat inI- . a observed in the Maleld work. Th.da

possibilit.y, :;hould Ieta-(n into account in, Aiutre wTork and appropriate

steps takon to correct it if necesisary. Again,. according toViOtnambese~..

scientiatt, the total volume of plant material may be on the order of 300 >.m

2h '~4~ 6t
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motric torx (060,ooo poindo) por acro. The leafL sixrfn'cs on-~ a-n, viven

alcre, may-ý acl nal'!v t~oti~l sevoral to imnv acrno in e,.tnnt. Fact;, suLcl as

thone ittst be n:eoý,e.!ad tak~en lcnto) cortsideratioi, i4v-n pln:ugoper-

ation.- and -.valuati.,ur r!,, alt,,,.

Annual. Cycle of' Gro-t~h

rnl~lanOl ares :or about 3,0 e~--the a::.a vcl':oi

Croireh in plr,:its cona'ollnd to a groat wftcuit b-, - t:,o wre'L anC. Odrl son-

sons; )u L. tir. contrcK- is not as ai-igi as that irmos e; I thec Cdffcroncos,

betioTen -,,ntnr enr` -o-rosr in terni-orate Zoncn. Genoral2',, tri- F, nnci other

vegetation arrn in a S½tot of a'qtive. mau- icl of --he- raiirr saason

and are n*iro or lo;dorx iant- durial,. "'-e dry season. A-pparc,-.tly,, n,.jcr'r -

ity of plants beogin active 7,rowrth t-ithin a -;hcat ti~ne of --ho osto:., the

rainay seaso'- xnd. -.ift on most of he. ve-ntativo _.rowth. dur*'!, `.1: -e

part of it; fl ower and frui:t pror.iuctiori- wor.1 c! occar iatci' in thc ScntsonQr,

or pos-sibly,, iear thte bog-inningf of -!ho dr~y sezrson. It appearc l-:e;'

be freauent excerticno to thdis !,cneral. s atr-oa..T fact. that ther.e-

are significant, differences in amountr: Of rai nfal;i, and. hint season of

its occurrence froyr onev part of t~he count1ry to -nothor r, wa aC1 a ,reat

deal. of difference in the tininre o-.f atpiic.-tions, :xnci in Us1'c) ropults ob-

tamned. Defini~tive infor.mation if- anededd on the.se -points, nanK' the ad-

vice of local speciali-1sts in fjornstr, and a,-riculture shonuld lip sou-ht

sand utilized. UJnlocsc ther c is a prolongcCl period of soil noicturo short-

age -- so me 30 days or more -- it is not un~cott.ten for tropical plants to

start activc. vegetativer, [ro~rth at. alhost any7, time of year., and it is not

unucsi~aJ 1or individuals of the~ same rspecies to begin growth, activi~ty at

different timer, rbI' the Year. It iS Tjossible,, alvog that in localities



1011o o ro arc, I pf ýako, of jt'onatmv). VraJ nfai I. Y-it oni olv iore dIr i.er

of1 01 ' 2 ½-2o inrn:w 2 c iccu1>Li o ) rr. 196)2:

"1. Do.t I" ""O-U:r' ;1(;o ~~~'r~ and

of eVr'rrr ornft, paralils,-?ý C Ay',eo~i~>ci~~ I~~e>:c:c

the s .ar9 ~ Y Tl n,~ 71s.rl 5"Uor, nio.t er-io(I -).-1 jr~ r~.r '~

for a b.e f

Sne-ciecS have n. e;cona: frroynri.l pol'2.o(.1t h end o. theio:Lrv oea-ot-. The

pcrOdf thel( Mro~i actilve j-o ý <~ t~ronc2.~crlab: VPrrac;r fromi'i~r,

incl cHr rriishieý -1',A~l u4 tle ra in -~

'13. soo)-In after x ra7-.mT Seaso3i >Ir !)eIore now ei .hi

evident r neý'- loave..s arc 7i~2 K. pa-.-c d v7r(een? Answerpr -rrrna buds

to ~ly xpnd"'ae gee 1'~ve -2 to 3 7-l *Te 'Grees havinr

buds at tho b~nigo." t'he rain.,,w~a thi leave~s as Sooll ac.

So Olle r.aj'. ha r fal~len.

I14. 'That proportic.-r ofi t spec2lr-, :n arr- sin~1o arv,'! oC vor-

green forest --rc Ir, an acti-ve svt~a~c -: viege-btlve .:ro!.rh at :;}. s ao tie

Rl: The ccvw; of tl-c Viitnrntesc, forc7'ts, varr a ccorA--,.nvj to -11( sol a -It

~ronc2 akescwe t "eto r,,athcr ~)'Ici'tiornntir-'n to answer this question."
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-ift o, n. 3oru~oft½drcc oaiusp

reliabbm riforlmartion on loc~l co,,I>-' IoN. betilizrid -Then plariingf. veg -1
tilon Control, Oner'to r.Tpr)c.Olwi' ccai;s3~f~~.bCnut

nn qiaifcc T~c.pcorsoniol. slio' lJ.c availalole t, interprot., corrolato.,

and di~ssomi.nate, thi~s ino~a~o :2ciconriands.

Differential. Tolerance, -tr Merbicirleý:

Dulr '. 'rork ir tI ar-ýa it. i o.asev: til.t tliorrn irets a .ifj'cr-

ontial to5l Ie.ranc tr-, hcorbicides anrnonr' : different kinds ofL plant. o To

solmfe cxucnt, this kllffcwrtiral tolorý,ncc;raylmve been IrtaL to di•7fer-:nces-

in sta,ý-- of -routJ,. Jnutioalrth' are ot',her factors involved also.

A"n' h- specin!iorr.:e' for ui- ly Vietnamese scc:Lcntiots at,

sieveral ciern locali+.ies- Ithe relIative tolcranrt te.- thc herhicid-UI

U..W0 alyooaro(3ro P.,lI.

Loixest Tolsrance +to TIcrbici~lx:-

Gre'ri- P.-Miculata Tiliaoeae
Cratoy.Lo-n Po-oi Hypericaceac
Daibergia baricnosi Lefanririorwao (Papili. onacnae)
Pometia ninnata Sapindaceap

Tnterm~ecliato. Toler,,.nco to Herbiciresn

IDintorocarpu:s i ntricatur Dipterocarpacerie
Dillerila ovr-.*a Dillenincearc
Panin.nitn annwnonene

Highbest Tnlchrance to Hcrbicido.ý;

Aporosia sphiaerospornn TUaphorbiaceac
'Sinclora cochinchinen.sis Leguntlnosar, (Oae~salpinacciae)
Popovwia aberron;: Anonaccae
Irvingi.'a oliveri Irvingacene
Parinarium ap. Rosaceae
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ILL i~1 rlarrivm(,c( tcG RTrhci di.1c - enntinundl

Di2.: 1.7Nrro:-; iu1Ci.d.0 2honaco.ae.

Tqar 11.1c, a c -6iý ] r t e 1' n 0fInn~ -tirb o ,) n(rIn 1, 'Jr _, 1

nor tno.,)Yt. _IRTý i -one -hi t U flCirLC1iLof s;e plantsn

more olerat t~lnt~, .(,c mor- of the~m rare li-4~d Arnonif Iths inr

ti~troe Irdnir oi Lmn noarr, to honarticuiaarl- tolrhrant. to hcrbi-

Cubls, tioubt.loos, ILI- J.:ý oci1 oyl-1 o.. -x,,wrnrl trce.- t~hat vrilJ, bei found in

~t aI hene (3~J to~Aud'(Ihi t at,14 of dif*rmnti.aJ1. tolor-

:uncr to -rhcno>ýv horbicide?; in .Oes~r~abli. dt,.ilo etr1'e f ct

tmle he maixed forosstn are tvpic'-.ll-. eveorgreen., so'-c; of the

troee--Pei tophorum da,-sy'achis ;I ptca'.oca~rnir! D-:ri.; P. 2:p.#cull tuS., and

doubtless ot*>:r di-ptcrocarpr, :ri:.o~ lwurm"ne--are deci duou.-. in t~dry

sn-asori. The mr'i rt' of f-tocldnolur Ircer in a givon arca mist bo taken

into accouV. in esLr `t'vý offct~ivn~ecs' vo:!,emation control iv!c.sures.
In dr iti ri . e r ~ t '$ "v r eev ~ ~ t o' t e es c n r-ad'.1y doter-

miLned; -."c' x-Too"" their st;eof' *-,roirth, imay servo as an important indicator

of tlic corrroct ti.c- to apnol'jhricc to amrociateo, trce.,, that doa not
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Ilant Succe-sion

T-c plant cover it3 rLŽ~iovc-.d 12rovi a tmrci;- of -,roud r :,tflir

bum:i.n,, or'klinit'thhrci•, a nrv2,: cover v..Il1l Fvrv Im"LOSS the

F±.i-. is C,0J.L:Yi'-0-hrd or 'kent oi-.en b-- -so Other Tc',n. Thi P)Irr"'Ss of

cover rc~r~rovirth -I~1 mo~j o rU~V rre or loss rcit)cse

A 'i~lsequence of mrotural pl.,nt m,,coessiori after copecleiar-

Inf, o)- Ove(rgreln forcet+ in mrach o Vi_.,trieri mairjht :

1. `.ram-'es or ~'oor a ni::turc n-" 'he brc

2. Dnesrb

3. Quik-ra'v~n - oftw~oo~l m.~e

'j. 'lo'.r-cr -rowing trees; both :3of>.roo.1 or:!bad-o ;:'clt U11:0

the oripý~e orcz..

"'hc!, of st.)vrs via 'take-. -ro)i a .c:to -,i-n, year!7; if disturbance is

coitirivod, the gass-barboo or dence shirub rtre r~-pritidfntely.

Thr: rp. 't-,i not co-, hc, nany of 1,-ih ori-inal trees7 wrill re-

grow fro) t Si~roul; s; thr; rrstllt t:hnr ma- er well, be a verit-able

:iu':o f rasso, arboo~, r<~ iN, nxlr~rowirtr: -troos * In othor

cituatiionv', rrars!(,s -sch ars blnmh -rass. (Ii.-erata, cylindrica) and the

nrrrller loamboos7 (0,iich- al.-o Irne -ra; )ma-ntuain V-Yeir hjolr T'or very long

p)ýeriodn Of 'kl- LL'anic! my ~'equite cdif~fic-uli; to control.

Trhe point cnphas-ized herc ic thaý- some continnin'- treatmr'nt o,." a ~ii

tennncc nawýurc irill alriost certainly, be requiirv'd to keen an a.rea opc-n,,

once. the oris,-,:i.nal vrý.etatiOIL hIs. been removod. Tt J~o proba:ble that ro-

trmatmmt Aill ho r"',cL- Ired on an-orcoinatoly an an-tual b asis t~o riaintairi .

clrAc'dition, +Ttf*!t reprea-t t~rc,,tm-.ni.n prohfiblir iwill not require as



lare umr~ii~Of -.i'ru rhoA.t.1i ma(lo at the outq,-t to in.-

-tr.r c-m ol- ct nlln t of` t~.k~i. , ant,- :rov~inw -

lo'., about 3,009 foeet Ar-1 v~tii 71 1:..' -:jer (dC1,d tre m o m n otlher

vor-nehation can o~till o:9 cover rec, concenal;.vnt, aI"Z1 corm~tI.tute o'o-

s3taclhn toCr'v.to ad~o~ret

3~ tem-wL thf v been rfkac!., -yVnai2 hrt local.. pooulationo, -,,rill

cut and u'at.l1:"o llit trre:m tts arre. mPtbT or sal- tiý;r;Vii 'Iat ~.c

of tllo !ýnr'll.rrýatrL Irii ý C.)T 1-10 LLF.;.d :iocal-! foLr £ir (-otro anr(

charcoal. . 76.r-, utilizatioi -houJld W). :ýncqur:. ge l~ the crfte-nt hti

There wrill. -,till rmiairi a lar::e.amomun- of woo0-' matePrial -~~ i11.1 in-

torf'ere writLober:...~ and Y.movemo-rnt~. Durinr the.-!-eam1 s irork here"J there,

ha- been concider~aelc?- d_.oincucion. of :--Taiblt; l'dsoiL;oth

woodyj matcxil V jirn ,.JT~l. SCXIC ou,:oto for accoriplis'd; thi~s in

area -csdom-! nLato I;- !-ro,,)ina1.cu) whore the. area :Ln -1-1 comnpi.:tc; control

of~ fricrnd2-.:7 rnicpulatiuwn, are included -1 a Apmendix: B.

wi'eer, ;.i'rohlei-,i crcatti.,tf iu wtanin;- firer 4% him~idd tronical

rogion!-,, ov r load vegetati1-Jon, is- not. v. siirinlo one.* TUCr wood,,r mator-

lal cannoi- br- revO~iiy (1is)ord )f irli horit tei;1hco treesr anC' !talcin,

otb-or stoc's to compact th*e -i:T nd imrwrovc their otructitro, and hurninev

propertien. Troor; sýhould not ho ut 1"or at ie.rhcixt~r days after
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tre tnn -- nc1pereaJvo teo''? fi I, 1~atw; 4niio

O1'~~~~~ii.~~~~~~e,~ 1.: ',j( dC' 11 iy PA '. Ito exort -i7ý,h o r fi.j.:. oj:.' c-

The NO~: toc' ric:l W PM 90nn. .0 nc S ai;o~o For J ~wt.ir ýiore

thal t~rt~ r~ h& ~ *Forw-t §C'"vicQ C~ mn s1 ' ifV at~'r! 1.11-0. pro-

t~etion agancie:. have boon~ n'ondl'.mY reo:n rch oq forre:t fires . This rcn-

sC-2.VC hav .i.cludod ini 3 2A½ ibilitC ot fu<Js, processen of codlaustion~fire

behavi ol., mhof:J firin,ý., aric riui other' factorn hRving a direct bear-

ing on tWo proiblen.- of cdisponal ~'q- fir- of woody mat-rial killed by ve!.ýo-

tation control ooratioreo. Dur'i the l~ast fifteen e:r roa a~ionnt

of ;prnctlca'l.e~ivc has !.)(? od `!.n burning vo,-'etation~ or~ 17-LIC. lands

of tl,,- Akxirican Southvost; i, Californiax alone norn than -.no~ ind one-ha-lf

nillion acrmow A land3 'uavrr boo~n cloared Ib" contro).led burr.!nf.ng of Iwoody

vegetait~ion,

TOe 7ornst Sorv~ic'c is in an e:ncollont. I)O~3.tiofl to drzaT u-;on tIhic oitore

of-ftndamnnoYýl roi-:v.rcrh :im['ormntf.ior aaC prnctical rrineand to dirýct

rinj coordiAnate resecarch il, 1';hý n~ of ire. for t,-he cU.posaJ of' th:li.r. woocN'

material, Alroo'dy h:.v ig a staff of i~l-qiilified( profesoatorm3. ywr~ron-

nil --vo!- rorncar. vacilildo- 1includiig, ineloor and outidoor :t're rw-,nrch

laborat~ories. The avoi:;tance of th~is ar.,ency shoulc1 be so'urht in onxploring

the Pahiiof U~sinrp ýirno to d~isposo 01, le Ur nte~riali. k-iliadt by Vrg-;.*C

tation control. operationis.

Descrition of Herbicicdcs
Wlidary Code o-., Traveamarlc Vhci~dxal Namei and C2 orcoiticwi

1. B~~u~ 65"/ caco(ý,'lic acid(1:.ohyi3' i acid)
30%, r~odim chloride

2, 'yatnr~
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* in-eo 30.T.L. i -but,?. estfer of~ ?,4-T

Lh.ay1ol oft.~ a~ '0-5f riý A of
2, p ~ ,),5--T con',;air±. 'n~)nf(.C of

ac. qtuiv.ýlnt per ~ln

6.Trinoxo Conrierl fru'lno '~~o
thanol ni of .,5-T" cor~ nlbci A

1. 5~r~ T.i g.. n-:out--_ cster of 2,- -D
30' T. r. zi-but-rl -~ter 2,.'5

P1in!r and. i.-eo wre rprocuret~l separwýtclybi' later rixec2 to prevent,

Solidif~ication in stagcý- at ter.-e-ra !-,ur- _oclow 77oI'.
C. 1i`othod olf Fhraluaatinig Targrets

T~i~the wnoriod 6-10 April 117.6,2, 1h- Thalto 1'.1ot

fror -c-t ai-,r old o -:11c F~ro-anci soral recearclý -mnl develoo'n.o-lt, -1nd o-er-

atio-ia!, 'ý,regetnt.4on trt:trea -1;d. e, ou'to.2--,eoano L .-: ter.s C.j

2,-iad?)~-T and0 one t-argct trc~nto(d irnt! dimethkrlaroinic. acid. U~sing

a 0 (no efffect) to 1W., percent (coni:.lete effect) scale., ocacl Cci.'ntist

evalulated th-trg't to csti- ato: (a) defoliation, (b) cmic-py kill,

(c) vertica'i virc-Lbility, (0) hio7izontal visibilit-,ad()dsrbto

of ioherbicide. The detailed, data t*Lven for cach target obc-ervation

(A-mendix A) a~nd in the siuxni'ii_*y tar,-&t evaluatior-, (T-Iole ?.) a~re the. mno

team' ratin"'s rounded to t~he nearest ir1-olc. nrmn~br.

Trach scientirt made written notcer- of' cngni'icant observations for use

in an. analy7sis of thn. treated t5argets. Thw,7e olbsnrvations includod (a)

comnrosition and structure of vcgetý.tton, (b) rtage of :7roirth o-.' thc- ve,.,!-

t~ation, (a) drift 0]? ),c lmrlii 1 and it- roff'octs on, ve-vet&ation outside

-77,ý'T t. 4



the ':arfpet a' ()ttriyb''h t,3r'-'er-plc t~o hm the treated

ae.reuý, (e) ca:ýt-iri-v ofr --ooc in Ux~t- ~ra,~, r~- of' V,-Cýol.-

:i-ri .o tit-co on~ -wr;1

flo'.' TanrroLs

A a;cru ~nd.:n.iiiv x:ixt r;"'l ýI(!ven (11) t ar[;ý--t:.ý shmmie.,

rf hCii (ranjO "C 40 to YO*) SLY.naCfYil~'~~C 'J~ie ~ h Žcr

~jtbish''dand, dronobsirvee. on `6eý ''round (I 'v W -CV 1 "10< 0 I½~

(ranIwrý 30 to 60" ¶fi;w ovahitiori wf -;-'-, IaZr'ets7 is amnrariý;, 11:Li -tmble

DotaLioci datn on the indi*,_:i--uI';,.ý ta'g'etE- evnluatcad I" -.- t~ev a~re

c~ont-%Jnrnoc' in Apnk A. Locattion, k1&ad o: verta ti.on,.r~;?, mr'id

Thc v~et~tonrc ronse"c in arn,ýsa dj~acc-.-t to ý:,md for to:-i.D.-: do0

ijinO' iXoý, tlw i'titendeci .mrth CenosLt. in(dicý.ted that. spa r mLto mo:'t,

tar-nrts raou_!-Q .-, a se-rimis, 1055- of !ý)-.,;i Oeoi)Oit I'mo., tJ ', intended

snraY sl.r-.th.

it vie - of the lo~ -r)!,-: o disperscOd fro r. th : .airer: ."t

on domnant~ vrrf-et t~ion o-nO - .:~ oJf horbic-ide is dri:L.kut. andI vapors out-

side the ivitende;c onri-!n' h it o:trnfd r i.ethse consit'erations

!."!I-?c r nonsrc ofr ý110 verpotatiori t~ha-; consic! 'nab~y 'Lo,-, t~hrn'or -'allon

'~v~ cfoctvely coposited on the ve'r-otation in the i~ntended. iopr:av! mrath.

It I.- ,ncourafdn~g, and! c L-tiCa21: inr-lu'nat -to oriphasize that owV-vi this, ).o

aI'iouTtn, raveý *nr r.N:,ur-a1I targ!,..t ufotv~ esof 6o to 70:"'

iXl i.- do-rious froin tfn rusivlý obsorvcd --Md reported in Table )i

tiiaL szignificant ir.7movomerits, in vor'otation control. can boenxm.netoc1 from



modificatil.ont; whiici- i,.ill (1) reduce niprmr dr:i ft, (2) inCremwie f-pTray doe-

pos~it. in i%'w :i:-*!d.,thP()icra~ tev1.vir ai env

alont p(:), acre, ari, (j alip tic. horl.:icik". '-o a.7-,c~l ~i -' ro-.iv± r'tlier

than &."ormant v~r,.rtat~ioxi.

1.1c ar.)l1.cattinn no' -Pie horbici,ýe on ti. targotz ro erratic and

the tti,stribv..tion poor. ritof' the her'.ci',.cict(c4 o t~hr It-Arr'-At mas

'Ver Loll,- . 7.o top grouV o_- ~sip bl•- trocs tur L oý~ ~ <~r~ h

for Indil'icativis i.n ccw'.nment to 'nrochice droplets of "reatoor masc Trth

faster settl.1r i-ae andl lots dr-lt -no t-e-n+ial. ilic reim-nonse of fevor-reen

forost "C"): herbi-ci~c s~tro'-v~l- indlicrt. t-':.a riced f'or better spray cover-

age 11a rii. e rate of' active. ix~redient per acre.

:3oe ce1-7 ood~rye :et-.ation !rorrý obsorv~ed envouite, to tI-kl tar-

grets that ~i hdthoir lcavres i;- the r c;o.The untreated vegeta-

tion in tho e t;_,r,,ets -ms gTnrke `rat, tberzo w~as :.t or no evi de.nce o.C nei-,

growtlt. Tii ve-Fetati-oli appeairnr. o10--vnt overl thourr - th-e leavco:l v~ere

grcwn andl littlo or no natural. leaf' ohdcliffný- inc observed.

Rvori t-ou-)- t1--o vevetationii ~ tell1--up to i1W) .Ce-t--sec~itins and

young trees (I. to 3 feet) wncricýr th,h~u e canopyr fhowrd e,)ina.stlc anO ab-

normial growth respo-srý.-- typical of `thlosr caused 'ythe phenovx" herbicides.

Thi l~.rr anpy -A vgotin- obvJiouclyr~ not receivocl an adcqrmate

ra t n of' tlie 2,),-D - 2ý,',5-T, rd~xturo for mrocnimwm offectivene-,vs. In viel,

of the critictl lirdj:*ations in 1.ho bxitributionl. 0," tj~e horbici'3c on the

VC(e..'{It ion,, thr, eiffec tA~venc~o of iiic t-r-ati1Le:nt w:ýs sm-,mining.

Ate upVwind scider of targets 'ere cl'!arly, definoied, but U-in dowrnrimnd

sidoes were. hardly listinguishible dJue. to ,jerinus drift of the herbicjidc.

314



vcot- wti.' 4' .!1r.x"t war, nxt.ro Oc1'~rmonr . In '' -~~I rxinli Tht a n

MA 1..ATh motevr e-Acii-f- cl: 1")1-,, ?5 -irt nicr'(cmd :in th.ý wni,;ruatc'd vcgcta.-

ti 1on, 5) t I'M in t6reatLed yecr. ott c~ri, and 30r) to 3'o, in .c>r1m rhe

fl c::C:.O Cnp LtO(d. Viotnmvinrr., scientists cc,~ar'n:.ýi

nwvlalnat, on tora eita 'l tat. C',1 ,)Cr(: rAt 1-11cvgon-o. y~r ~i 0

Tin sorlm 1-, te hc-rbIcirde-r'nt-Ec3It_ areas., nativus had sta-rtcd£it~

71-1Kr. ,,os bOunrrd- 1;-e :i o'Lrc,.r clunowyvao*.-.: in-- thn treated ý,prT- -Iats

A'~ Ki( Ir'l..' Ij t I\'X att.c edfw' 'Ho rmra- -iwath OL diC not :.,umni

Lccllc-nt control occurred 1.?herne arlouate quar.tities of aoelit were

cdm~osijt,ed on tho. plants. Vertical viisibility in sproved areas~ averagred

q0); .r]A"ilo ob¶;ervivrý orme area fro-, an :ircraft, VIT, civilians~ vore spotted

in t~ico area prior to a secheduloci burnint; i'.c-t.

Th-ere been f-oc'ri re!,ro-01- of- ;.7id~y plnrtwo mon'lis after

troattirontt Cacod-lic acid. Areac har7 been previaturely ac3incompletio-

:l'ir brned. 2herre -;,i~s basal regrovtUh of rme ~ocieb. TPhrxe a:-ýncarcd to

b:.ý good c7,isiccation ancd top I-ill of all. foliage ;-hat; ra's present whien the

area ,man treated-A. 71ho appliczition- appeacq-red to be spotty -md "Ahcro vore

sotin ski-pp(ed areas anc Ien. of Orift of'-,.' hc. ý.anrgct. So,. ic oP tl,,,e

s~ecen Th~h w~re on~r srk: .i! rrj¶4.h ,rnre i~'nr,:ntirCe arLoaectz'o

hnnsai"ora and. 'ýeorloiyrtius. Cansvir-I.a :'Mi:Uormnis, a doddtor-lil1:0 punt, was

also 1 ild 'Ctcod';lic aciý.% Althotagh Cacod-,rlic ncic' produccfý rapid!

desiccatiwi ok;Tli ' rocrro.f:L occiu's in Tvr spccier in apnrorzi.Ately

30 'D [0 da-itr tre, . ent T; IL thernfvor, riot rocoin'nkd o m

,,horc rormmanmt ve~vo Lation control is desired.



Ev~.1tu :.icn ~vua-~.i.Av. f or Ez,'cl Tart 3/ -!tUt. r

Cri'Uc~ria
Criteria 1 2 3 5 6 7 2 91C0 i Av. 3/

1. DfJi1 60 7 0 70 7) 70 90 0909 0

2. Canor-: Nh60) 70 B7 ( "( 0 ý' 90, 90 30 90

3. VorticalIr~J VI)-I!b2_I,' 60 610 '(0 70 060 go) 90 /) g 90 o0 00

. 1 tri.~c c<crii' 3A 60 70. ).,0 7O o0 50 60 W, 70 60

~' h&.~r&~ f-c'jvenr- 50 70 90 60 .i60 90 P0 90'Cargo. 70

1 2 _3 1; 5 6 7 8 9 J

1. Defold1i-.ion )4.) 2/ f70 70 570 - 90 / /2/02 7

2. Ganopy I U1 40 70r 70 20 ).t0 90 (10 70

3. Iorizontal. Visibility h.o 5(,, 6 0 70 )tr 60 60

It. Distrilbuticr- or 1-Terbicidic 10 60 0 810 ito 80 6 c c

5. Total Tn-r-ct Thc4ven 30 60 61 r 80 110 80 70 60

"ZOTP3
/ A ratinr' n.CalE' of 0to 100 pe~r~cout. ~;susml. in. rvali.2ting i-ho 'u-Irgets.

0 - '1o e~ffect; 10(N - 100 pox'ce~at 3etvn~ ach fi'iu'uo Tor badh
targe~t crita~io-i is Iho imea tearn rzetnt.. See Ap'~cndiT A Zor a. ecdailccl

Thb' iar~cts 6oberved .Cror the. ai~r -ind~ cFrouncI v .rc, Mc-ntical -ind-n'.ubored
to ner-dit coymparativnra ti~nia. All of ;Jie cde'vm (11) target obsomitions
wiern ratcd fru'i %hr-~ air; hMev-r. targot observwionc. 2, 11, 9 nid. 10 were.

riot ra--.ed on the. grotd.

- / 4ean. rat-Itv values vrore rounded to V~ic. np,,rct;t iffblc; numbu-r.
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1...~c.*-:n .7i~n't ~poyc~rC ' '-iJ. of lorlbIcic

I,-c1 ?C .hornr hurriaý,1- Iorahtv iV.c Ilic, arep ~rrr'~' ca'

Tror.Lr-. Tz ao't'f oqui--),'iwn- -7 :s mncilica:l1' "1n~ or cLanri-

piIinor :-o a~n-'- 1icpick.d d.L r l tc., 1iiIvr t,"lir -. r.-ro:-:inr.J.~ uri: n Ce c

per. ac-,-,

had prevtoiu rtpo ]rc in a ,rial !y,±ct.~. orcota " J ;.?'L:' 7'O.

o~cow~it ar: :'". ariCe aix 0'nalnc~ in a r-ri;CT n

cza!Xbratior. of ho 'imc ra.rqu.rmn uc-re

ro QiJ., lit: e or no T-xor1if'.icatj.on Or' ac"JuO ~L: in '01rcn eqttrx-i"Vit

uTas Iei t`hor antthor3.!. ed or x..½a:.

iMosi; )..% :11c lv~bicioe liquich: 0-ILpersb ir. Tasl1: 10 hadi a vji3cosi-j1YT

equai. to flrN* 90 lbi L oil. T rhi daduc.nt flic autpul-, onmtili-L- of the,

di~spersalJ aqui-mamnt fromk chAc 'z o il : thinner liq(TiOh. 11hiso madc

it i~cce,,Sary to operah2t.-_ th tisTersal emtipmunt "Ai'l~ ouitl ai:., in so-me

carjz_, narrow- mY'int',, spncit- to obtain-c 'ni aT.plic--tiorn ra~ie of aomroxi-

malý('l17T on~i f:allonl007 .1c"00:It. 1z i 11thai- l~ irntationc- in

naui mrmot norforrn-an-o tiy h~av rou].L-id iii soioing e I'athircn

d-- ro'..trnent on, r~omi Larcot-. N~o cVLotailec, record::- of' cach W-1. 40;1 ý.rcrc

-r i;t '-o showi annl:'.c~iorL h-'i'ft, mxŽ,~ th irifth, orc:J 'rainnor

mation. Sono of ;.he-c datailz, .h-t-rooree:.nI available.

It, is ru[;!:rivtod 4hat a iletailoO rocord 'te kept of all pmrt: nent d:tAa

asrsooialled. dzth~ nac flight r.,dssion,. anrCt ;hiai;, smiit.:ib1. formd bes devolopedI.for t~his purp~ose (seoe Appendix D),.



Ilic! omm-le , "If

upTLl% '60, to 200~ "icn'orndcc~"2L r .7.. 2~2 L7Ptcx

a.~~~rK~~~i!-z tirý: &vr''7 y 0~:r. etr~r c~oALThts arc nr7Ž,":rreCd for

,,d o-, raior'rirTrý-ýitad b-a f~o-- ,)f~ a`, hcrvFl 'JICI ý aplIc-t'c c;arf-

-'airc( ...' I:: 'v-!re, al .: -- 2 ai-rnlamc -*. t-ro c 17) ll

irin: -::mno'lrAanro f~~1v'sc or cr.rro a' 71roK~ia hc Kis. rza

ca ~ iný-al7'ccr r l~].c 9l Ja It:~ n nojf IiC1 "i?' GJla,ý7i snzra,,ý %')ara'us,

Tkc oW:~n;7& odjjc~ e' taj~aiouin thle C-12j3 Pan had

spa*- .0'k. s cor- ,)o*7.....CO of. a 000

arallon a1u -, i;'~r aiU a 7,1501: ' cie onr h~a ~~'~ i-~2 h

noce~'. :,ir- -' andý co-2:rn -r2,1 Th'. flioc narltz !7r(, asscomb1c 0' on a' singicle

cr-~~~1'o v-ie 1,irL. ""7 'lrni" to 'v ý 1'" illtallec7 or' ror'ovýl from o.h

A t,roSCCe-4;on boonl L.- loc-itY-, >)c•1o-- 4hc: -rlng. ;Jach f;cction e_%:tond~s

f'ror'. "I~; nbo o." thc cwl-fm nacc;'.i- i-.c . the .x~trerar t~i-ro oat; `hc

~ (3)) Thai 3 ;n l6-;i5 Teejc no' ýlc irith, dia-

phafr -heck l 1ý arc- b~e,)2 on oeacl) bom:i soctiori. Via- artn directed

to %h; r, a ane -icr1eorje:r o~i lthK: oul;",r 'ýtalU -nf e-cl, boom section than

on blhc irnner hltf

The C-123 tr:ax flmmr a W)mhadbt'in10ad

150 fo-,t above, tho -Iarget. vi~ 1.140 feet,. Th.- wo1- reco',



1.23 a pn~ 11 "f'crmiintiea. 7-,c Ura 1  cdllnt '.-

r;tall.'c C. Thir" :~tG! 2 •ios y~1 .t*rtc1 ~c:. Ion

of1 fY crllons Ip aýcro. Rcne-At'cT -cnans 1'ironic 'e rz,.oiti;'rd t av1'

t'~o 01 or ' $ýn1Th011S 1) .? ar7

uge:i; i o i P forh irrror -iodifiJc: tI-.Iv o-i C-123 ciis-pers--:oc u nt

1.10 *IIcra,,,:v- the) Onat,:rt Q- ho C-12.3 017i erosal e~2~~< otem

innvr uithou,4- m::o~r.~~ret~ 1: ol'.o-71-i-: no:zzic -~io rc reco-ct ~nndod:

1. DrIll an'~. -nap act~l-t~iorclL boi -in 4-Q Jboard soction of' ech

Shoom s-o nz Cs cn ')c aencee Pors2ý ~ .- r'totoioa

2,* Remove thc -att, or-i5ice,5 777.Irl-plate U111i Sc'etl L17ff 10 Lirst

35) noz,/Qcs on oach in boom, coun Kn-Al fro-Ih inbo:ard end, can cliiri~ct

the,- on),tputu of oncl nozznlc rloýznl.ard :-t 0/oheai')rexn

3. Clhos ofP* a]?1 'he o+',er nIh. ~ -'i il? bec rtign

the v-ic4,in-,ity 0SP hcringtiptý.

Tt j.. esotiyra;ý,ed froi; T~nrr4:i'7.1x <nary ,o conducted on H-c: C--12' t

this nozzle. modificati-on, usi-ng -rAter, 'hat ;;,ho total maiuatbmit uwing

Thirpl'ý herbiciC-s ý.-Ill be apnroxi-ntci'.-- IM -allons per -q*1iut~c, or onc -Tnd

one-half gallons -per acre over a 400O foot sizati at 150 nr.If 3 -allonrs

pe.r acr-! ve~re required, i-10olKnce."nth-tate miaklint tivo flnL.i.-.Iat ovrr the

+.ar~cet.

Major mnodif'ications are. outlri-ed i. Appnerdix E.
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. . . .. . . . . . . . . ',-.,-., .,

'ci.~.' -- yr. .~r r~1)ov:an" ant' i'1~.fiL':.~r

'Tn'' aYI- 'ýrnii.i 1 n:n iY2KK

Var - ~nj ( ) 'rw'n-~~ 1/ 2-(. : :uly)jw in- ' i 'c'i..

c1:r* (m] 1C~!c A7<A -I(T'~ irl c.-!,- - n'n-t ý7 on i .tUc caL n ir ar:- ,

7m- flo1o~ -6 mr c~ of 130 >: and Cj -S nain 7L~t',roxl natel'r

300 ... *Tv .,i(aro_-_;rl n :alf _11-on ;)!-acre.* On y-.

requir-7.r t nai].-,-:ýj ,, -Tr,,, V..~r . *Ll~' IT-co- to an- u'm-c. .lon pr~i,

71c, -:.,To s-c ction rc' boom instailc' '-' ( v: C-101 .nc C-JO' ma>: no

nrovision orlocatin:. no kn3ii -:-;.cý cx-'ltel re';LY of'?2-~ '~l

7hi'-,. in ;-f'fec!., ~rdcztT~ Ipra. i-- mracut,7 -irhicb laocýt soncl-

i'hr'r '-.1;ic*4-e . Ir1an! 'DO-.JOrct tha 7, a' s"Attlcr'; * 'l i! ..

s~r~thy o-2 '-rc'matcPrro' Jf( r1 i II ;rg C,,f

area-- Th-af. il.2)m fr-. (!: t Ci boon O-C'ct-on '101n. m't. 7-.1 . m

ou-eI-" heII rn-- o2 C' jr-Ing jý,n, loýF.

N'o'rin!, wi-trc nozz--lces inboard. on tim' bow~ s ccctiorns on~t. C-I'?3

irou?_A3 i:-! rove oi tdi3 c M-dnt. rPnic ,in(Iitallin": a 4V~ 1  oom.

or'ct-Lir- uncld-r crto C'ltI-n Cnv'sct-iotl 1;o'V.'-ra ivp'rovc thie C-) 7 0-1s

pars a3 eq,'i rm-nt.

V e
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8UI~h~tifor ou0j'l- of.IUL . Douglar C-)ý17 di.m,)crm-0. ecluir

loi m rard. loYr:ia'~1~~hic1b uf':.(I n I~r -i pivr il zrm to obt-ain

riycdni u.~ Out'mTIT. F'ro. t-v. -F;u-mct.I. 1.-- 5;jn~~ta yr~:t cyf0

ban:( oc'.:.'~c:~a: anc' :.oo c'-cal ou`-nt uiial be a-)o-'t. 1',)a.CYc

T2~." diro-ian 1. f.' !2rstb'c offec-V.1-.:, n-it;- ýs;bould.

ha'r:ia e--)>fra;At. A']n a;oZ10~1.t~': iL iuill pro-

d~uce an canplicati_',n- at-I oric-~Ljo-n c r acr.,. A ý-cor,~u or thircl run tcl.bo

nuocn -rar3'* ;.roodiuco an anTlica-1-,--. n..ý 1 or 3 oaior or acre.

N;jor 116difIcation' A rr'.acl lar~ir pnmp larger pu.dMaCI

braa oom emmel. ;2eracklitiona llo-cxL-f i'iili be requirced i"'.-lC.ti

orir'"Ior: )~ or lt 1 oLron-4 mm o A third1- 1oon' ýr.ction

or orc d on:_. r)i. u~. t:C o;.O.r of 2 a!-,c inl 3o aaApcni;:

floucla:- AD-.6. 71-.ý T)ou.--as,: AD-6( air-.Iane I., a trnzuIar Unfl-i.Lt(. ih.ý of

verat2 a'~rir c aTnable oP pcrforri-ug ijal,,.ma of Taissions. "Ihe A
0q~ oc'0j')(;A 17*1.tLL an Acbra J 1-.T! ~c u-n2i., whlnch ot~ch&P iuderc.nI d

(4f The~' Pl A-o1-0 V-B hrOJI.-i :rratl 90 rýalloruo o smir' liquid,

~ris ri; ovnc1 fýrn-'..he takto Bc:io~- roio-o-haned srrn'no- Lby

proam,..uveo valv(rI.; o 'hi( I%'i:1 rar~r an iýdr oiuor.1-0 botttle.

Thec AD-6:ra f'lmpi arw'n,ý +.iv !nr~yoi -It 20h14n1 at- all .13'U:"tUIue-

above the vr''o ntij o i 75lr~~Ja fi; A - thiic Prodlucod an apnlica-

tion ra'.ý of aa)pro-vt1.natcI- two -,-alions )m- acre wIatlirilie P~c atli aroa.



ion i:L¾' 'J1a I Tnv, a NJot~2L-drij- i fnol- r' -w. cr t-c n, c ptt.

spaco'i ciý!h- On c1-*Th'abu, con for to 11c, c. oa' 2Cf) ralr

120nozle ar )t110j -r 'W)Thej nozzi nr L2~O ozzrlot( -1..'! O2di2CC ar

at various 'hnight!7, deeci 1  on -!"if dosa-o snccifiecl for th btargct. The

dispe-rsi1. noqinirmnt. T-n o'oer; mIro a' Z7tCiyzrjjnt outj-)U-L C, Tr'caK, o

lon3z nco" ml1'..

Sug ;to-.g: f'o-i' n_: noi, modiJficdi of' 11--" HTDAL dSY~s1'qi-

ment to incr-nsc dlroqplet siea-iA MCIUC'- Jr £ ; -

2. q~lu:acu,ý witAL 30s*~3 pr~ ri:o 3ys-,Iyz7 Dl.,'-hI Tnejo,i'

nroz7lor,;, s~rXa oth~jcwuu o, tho, -12. The totual nunibcl-r of nozzle,1s

u.-- 0 nou!C b) 'adjusted ;,( IGIV, C,1Tab~ili-LY o: lie piunp. Sinv: no !.ifrn

tUoo o 0?1 YA.unpl po'I2ornanmce, wnas avau.lhblec., it, is crtimatid T-o be aboutL

30 fgallons nr)r miyu-tc.
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Buffalo Tiirhi.nac Spriyraor. qlc7"f"1, "r-i

trcatrqcrý-~, of i~1~aea oevAb

of' a :o-O-r1hoe1 ,m.L.Y C0 ~c ~ ne.al~~~~1o >'c'c .1c

tank-oc ,Yý' :- ý;Žrc b me {f;J-i c ig W 01 cC;:CL Loftc

rollcr t~o~;'a ~~co j ''30 onsa '-or v'nxic nd s rc

F3ou.r f1o'I0,('I-i 611rc- >.1ýrfaui`c sT~r'- no7'lev ar,Ž nosi i c-wx i n 'Tice

;aout>oZ lv ;'iah~ail pr~d Ir -_-z,<~ o tj. -a" i`~1. irib u+o

,:itl. the -3u,,ffalo ,r>The nhjrr P. acLP'-c" tma~cdk mac van forth.

across 1-.h- aarc.a,. 7>2r air i~oz-lc? va _ 1 "c:..Lr t ýc..:~o t(- -,ta-

cAineo an6 1,n o 01c' othr co '-V mr.-r * aIiy dict conjnd

Spacirlr o" ..~ac:,-..:aal i-ar controllod to. aczsure E7.nnd c over:'m,~v%

tat! on.

,I~xtrcvr.e cautijon in~ rco-,r-tcn~ed,,.( -in -sc, 5 f arirb latI c'ra'-r r for

horbici(&Ž ar,rlctio ho ::n cof ;.ho ai-;r t~~~lneand uncon"trolJlod. drift

that nay resat

3. Uý-r. .- ' '1-EC- Assemvbl,. Cor !-rnanc srpraNo-r

The I-TO-I. opray tan': andi pupa~vcotLV us :d for h'r-

draulic r rXn'o spinl plots or rnarlcirlearca's vdihre it ,th.not b('

.1afro to usc' the fluffalo Turbi-no Srra-ycr.



i~ ~ ~-iut~~C colilc bx' 1'iQUnt"'!d on at IIappronria+.n rno;-or ve-hi~cl.e-

Jh. 1"""e..

T1,01 `c1.Lovcvir ia Informnatio',, ýv::o : st-ocký of berbicidr:rŽ on h-and,

in ~ ~ h .ht Vr -s ishr,ýcl to thi V.I~t onTc. o 6 Ar.riIL 1962:

Solrof !Merbicido,, AwjiCnble 16 Apri 162
Gal~lon!s

ili.X7Code or Tr~idomark Drums 5(,5"-~ gal, each) i ~r cx)

2. Pirik-Crevn, jdyture 18M~ 1,-3.,730
3. P-Ink 1 o0 :-Imnn

5. Din o,-o1 S'.all QwwiLntity TnM(,
6. 7rino:_:ol Sni.')antity Jn1-rno,_M

7.Ble132 (1Cc lbD. cartons) . 13,2-)r lb.

B. Storage Conditionr of Herbicides

Th.o TEvaluation Tean nirsjcctOCU r l' hcerbicide sltorzigo dtepot 16 April

1962, and the condltir,'n o: -;-he Orxas -and. meiihod of storage wori -1 3eal

satisfactorir a :ccrit for the "1B-Lur" herbicidle, all drums were, s'Uorad in

:he open unsholterod ýnclomir;ý of the de--o'C. T'he drums wore oi-tornd for

efficinnt, ientificatilon, Jloadinr andl storago. Severalý. drum.-. had Onnil~opcd

trinor lealks due: t',o clarvnA,'c in, transit. The v;7rýctzttion insiid'z tho depot was

already dead or dyinr and 11-- vesgetation imn~m yarijtcent T.o trhe 'opot

"%Tas r J~H srvcrý-i injuiry. Th.-is n;Iuryý im, diwp to volatizati~on durUing,

!niingo~'~rai-~~sin li ho (Iorth ,in(" Ixc, leakago. from~ (I) rumis.

C. * erbicide- identificati~on and co2Tir)lian co irth copoition spl-ci Li--a---
cations

'11-- drums ýYzýru ide~ntifiead b',' a fo.(~tu-inch-i~rdo-, band of p~urlo, pik

grc'n, or blue paint., dependiingi on tl~h:,rbieidc proesent, arouindthe Ui onter

4hV



tllP, th color lmvp h _r, fncCo(l nn.( -re bricomT~.- (LifL 1C 111t, t, -is va

DI3-'A.týr f! t1ý0oc: Of itO- ,Ti "iW '11r : inuw" -tocI-z. aro nc-(Idoc.

TPh-C r4m,.1 I-iorbici("Y 1';'oi a s C-1L23 a.-Lrcrr!.r2t twvnlr. load(1000

~sJ3ens ~*a: ~nmLnnl-Te lhr-rbicirie npsoszmzd -. darl- broim, eoo-" '"itha

vi:CO2,cosil L~ ,-,,d to b' inila t~o thzi o,- 'SAE2G notor oil. --j. rh

i)inrlf, *rn: Biuo hierbicjckr hnvci bi-c~n usc. on nn~ ~;eraticnazllbsL in South

Vjbtnx:1, Personnel rýDomousib:le for~j the zvwliJcrtion of herbicicd>;c in ther

lo -cv.it~ienal nro:.ra :Lrd±cated '-.h,, no :Lictevh.ýd been encouniteredl in

the phmcD rop.-:rtico.: of' "Ain 1\lrp~ct; '-rbic~ide. Thc- linc not, cpncouTn'I-e:rod

an- So1ie:ccýLVit:;,. or orncipitation*,'-iI-I Purple. ":arIlicr in the 1pro' rana,

thaý Green hadJ sol'Oifed, but thi- difficult'.-, 7-ras corrected 0%, - ;c:i-' it

wirt,> PYic ean,. nco further smlidif~icati-on, or othier diff-icu-!ltýies occurred.

Tine Purplo hcerbicido contai.nc'd 20 Percent, technical grrYo tIC.

isobut-.rl ester of 2., ,5-T to prew~nt. solidification of to- ri-but-ý:l ester

of 2,),h.,-T at erp.crcaturel- bcolew 77 0 1". Information P.vnilalb1c `w nrocuro-

nrint personntel £rol t2.i manulfacturc 2. i-dc-.icato:- thn't- t- i isobiut- estor of

i~ eo al~ s -~totoxic is, tnt. n-but~rb1 ;Ž_ster c' 2p ,-T. ThIaI

curacy of thiis indformatio-, has not boon ques7tionod or confirnmod b- the, -ro-

curing agonca!.

The 'Ueari roque:-'ted dita •rr nltcltasto c x -unc*hethcr

thn herbicidni: de1livered I),! th'; mianufacturers cor-pliod wit', the specifica-

tions of Lhe ir, rin -agnc-y. l1o ana'-11, cc -I estr hnd beor, k-orductecd to

eheckc compLianc-n 1!-.th -n secil-Acatiornz and! -. ch jnfonmiation -was not avail-

abl. S:1j~tcnl smplUin!, an d mtal',ti(. rs:b shoql( heý condu~ctcd on

prp. ent and future stock!s to assu're compliance wi-th xnrnntspecitica-



PART THREE:

OONCLUSIONS AND RECO19MEDATIONS

I. Conclusions

The results of the team's evaluation of the effectiveness of herbi-

cides in controlling vegetation in South Vietnam strongly support the

following conclusions:

1. Evidence examined and evaluated shows conclusively that if

properly applied at suitable rates with proper equipment, herbicides

unquestionably can be used to control vegetation. The operational pro-

gram of vegetation control should be continued, provided the modifications

in techniques and equipment recormended by the technical evaluation team

are made.

2. A thorough and intensive evaluation of twenty-one targets in

eleven observational areas showed that when evaluated from the air, the

herbicides were approximately seventy per cent effective in accomplishing

the objectives that had been established; and when evaluated on the

ground they were sixty per cent effective, Based on research results

and use in the United States, and limited employment in South Vietnam,

when properly used these herbicides can produce very significant results

in twenty to sixty days, depending on the kind of vegetation.

3. One of the most important limiting factors in reducing effective-

ness in achieving the full objectives of the research and operational

programs was the dispersal equipment. This equipment was designed to

46



•m• 0

deliver approximately one gollon per acre of liquids with viscosity

sindlar to fuel oil, in fine droplets. This volume of one gallon per

acre, in fine droplets, did not result in an adequate deposit of herbi-

cide of the viscosity used, for optimum control of all types of"mixed

tropical vegetation in South Vietnam. Therefore modification of the

oquiprient ,will bc required. All aircraft used are suitable for herbi-

cide application if equipped with adequate dispersal equipment. Fine

spray droplets and poor nozzle arrangement on the aircraft resulted in

excessive loss of the herbicides by drift.

4. Another very important limiting factor in controlling the vege-

tation was that in some cases the herbicides were applied during the

period when the plants were dormant.

5. Plants differ in their tolerance to herbicides and these differ-

ences must be taken into account in planning vegetation control and

evaluating effects of herbicides. Since systemic herbicides, such as

Purple, continue to exert their effects over a long period of time,

evaluation cannot be made within a short time after application.

Initial evaluation should not be made ian less than thirty days and final

evaluation in less thun one year after treatment.

6. The amount of Purple used per acre gave excellent control of

mangrove, but the active ingredients and volume applied pur acre wt..re

not adequate to give maximum effectiveness in killing evergreen forest

and tropical scrub when dormant. When properl'r employed, herbicides

are capable of killing most plant species encountered in the forests of
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Vi.etnami, bW!t, cl doad trun),,. and ot'hir vc'retation still remain and im-

pair vi!-ibi.it.',y. [ol r~w,, 1' fc2a0 to cev&lop effective technique. for

inprovingr the Nl. structure sf jh., woody material can be disposed of by

burn.Inu or other m.ians.

7. Additional basic :in!.ormatien ir' needed on horbicides - ou:Lipm~nt,

anO vcfetat. on to iliprovo the effecj.veness of vegetation control and

,'ivelo() an operatLonal (apabi] itv in tropical regions. iMc uonaitions

prevailing in South Vietnart preclude the conduct of an effective research

pro-ram which is critically needed. Reults achieved in vegetation con-

trol and problems encountered in South Vietnan demonstrate conclusively

that an intensive program, of research must be initiated without delay in

localities where there is ready access to the experimental areas.

g. The Evaluation Team (di not see or exam.nc any areas where food

plants had been treated vith herbicides. Based on extensive research

conducted in the United States and in many tropical and non-tropical
-i

countries, the technical feasibility of kill.ing all crops in South Viet-

nan 'tth herbicides at any time durin;ý their life cycle prior to the

production _. edible portions in woll t-stablished. The herbicides

necesspry are now in military stocks. HoTrcvnr, other herbicides are

availablie comnercially with wh4ich crops in selected areas can be killed

without damage to crons of the same kind in nearby areas.

II. Recommendations

Tie Evaluation Team makes the following reconmmendations vith respect

to:
A. An operational program of vegetation control --



T t T rrunl . co,','.2 d 1,,l [11rd, tho Onrat)i.orAal1 phaifsO of the

v,.'fiti Ol cont .rol'. rror.'a,ý', 2 u (. Vic , hnaI he r !sumeod irnimodiitoly, pro-

a. Thrt minor nodilfic,.tions or. the 1MC-I dicrorsal equipment

en I C!-1,*2 aircraft and i, dispersal equipment of "all other operational

aircraft I c- chanred %rd:'.' dy t elivor a volume of an•roximately one

and on,( hnlf (1 1/2) riaI.[ons3 nor acre of Pirple, in accordance writh sur-

gerted modificatinui- in this roport.

b. That the aircr,,f[t which is delivering, 1 1/2 gallons per

acre make two passes on each target by applying one-half the load and im-

mediately respraying the came swath with the second half o- the load, in

order to Coeliver a total volume of 3 gallons per acre on the vegetation.

c. That the dispersal equipment nozzles be modified to de-

liver droplets of approximately 300 roal'cron size.

2. That as soon as possible a team of three specialists be ob-

tained from the United St.tes to provide technical assistance to the

operational program:

a. Chemical weed and vegetation control specialist

b. Agricultural aircraft spray equipment specialist

c. Tropical ver'ctation sDecialist

3. That a complete "target analysis" of each area to b e treated

be made •ri'V L iio assistance of the qualifi-d specialists to dwteri,,ne:

a. Stage of, growth and kind of vegetation.

b. Selection of herbicide.

C. Rate of herbicide active ingredients r.nd total volume

of spr.y per acre.
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4. The uusceut:ibli.'iof tinc1 h:,ar-c. to acdaacent crons, and

e. Solction o. anoTrop•-iatc dl.spersal equipment.

f. Mleteorological conflCiti;nnJ, includi. ng atmospheric stability.

T. It si stron!ll rccoir n(.c that vegetation be treated Irith

herbicides dktring, its pei-Iod of aci-,tre grorth.

a. Twvergreen forost aicl 4;rodic 1. scrub should be treated

ihen they are acLively grouing. The period of active gro1th renerally

coincides Aith the rainy season. It -r; pointed out that thic rainy sea-

son occurs at different ti oer of The year in different parts of South

Vietnain.

b. However, available information indicates that mangrove

forest may be treated uith herbicides at any time regardless of groiing

season,

5. Small plots, roadside areas, rights-of-way, and similar

areas should be treated witth ,,round type equipment utilizing the inform-

ation given in this report.

6. That., to afford adequate opnortunity for the srstemic herbi-

cides employed to exert their full effect, no cutting or burning of

treated ve,,etation be permitted for at lert sixty (60) rliyr, and prefer-

ably for Ps I.one ai six mnnths.

7. That, where it is necessary to maintain areas free of vege-

tation on a permanent basis, a maintenance program be carried out. The

need for repeat treatments can be dtrermined only by,, inspection and Rnow-

ledge of local requirements.
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a.Tt-1- 'o~l'~rt -If' Ri~rpki.! tuod., roýtroatyxy~nt .ril

b. Tt -L probaWlel tl.mJ th uuoun. ol' lic-nbiol~co rocquir'd. for

rconont.i h'e'tren~ i rill in 161!,vvvrcurd ttth rr~.~l

stck oVJ Thiarnlx-M( xn- I-.:c. Pink anfd Grooca herbicice'-s on

hand be sm,."plcd accorc-.1i, -t-o ,.t'aU-~tjCcj] sound mctbods, andI the o npe

;otto 'QtO 011it.Od ftt~ or .mndly-A;s to determiLne tho identity;ý oJ: h

or-ters, t110 CAC'd ciReChL, ariO Uih total acj.d, equivalent of' 2,hj-D and

2;P,t:-E :nrc.ront pIer gallon.

9. That it ir' technically fuc.,sible to kill, all of the various

kdiindr of crops iin South Vietnamn yirth herhicidcrs n~ow in military stocks

(Aoppcn(ix: C) . fliorever, othe'Ir rcie arc availab"L6 ctwuitorciahlly irith

'hiich crons in seleted armar. can 1ekilc in Sout-ýh Vietnam iwit~hout damn-

a,,( to cror'T) of Ilie same kýiid in nearhr.r areas.

B. A Drof-ran of flesearch and ilevelo-oment in ve-cotation control

1. That' an acccLnr.At:.d TRersarch an~d Development Prop-ram in veg-

etation control be initiated in th-e United IStatos and Thailand to inves-

tigatc) the followinr:

a. 'Uffctivcnes,; of soelocted herbicides3.

1). T?,ffocts* of surfactants (sitrface, active. agents) Cuch as

c. Development or improvod dispersald equipment for aerial

and ground ope'rations

d. D(,1 nri~in.Atj.fn of optjixnm rates of aetivc ingredients.,

voliunc, andl drorlot siz for irtnaximun deposit and effectiveness of horbi-

aideýs and rnixtarcIO on tropI ctl v~ertation.



(I. Angel "'el of !I'cw:tl, nvi,-I o't-,her 'coln-ic--l charactor-

v'•• '•", tropic-Al ,:c'i o,-,,:,,•,p clally tlrop-ic(l foresto.

1 . Ve:yib~i:'i, of deveLop;l:: effective nothods of using

,'•• o•h• .... :v1 to dlmo;eof w .rood,, materia). killed by vegetation

control operation.o:.

P. Dcvclop vn aircraft dispersal system capable of deliver-

ing 3 galIons of spray volune per acre as soon as Dossible.

,. The research prodvram recommended involves many aspects of

the agricultural and biological sciences. Therefore, it should be planned

ani carried out -D.Ii conrvultation arnd cooperation of governmental agencies,

educati.onal institutions, and otbhors qualified in the agricultural and

biolorir:al sricre., to ut-ilize tho research information and (-perience

of -mich arencipes to nrovice rutual, benefits.

3. T'•,t, prior to operational use, the final field testin,. ,f

equipment, herbicides, and techniquoe developed in the United States and

T-hailand Researc'- OITW Development Prorams be accomplished in South

Vietnam.

14. That investigations bu conducted on dispersing systems for

herbicides in solid, liquid, or vapor form for use in attacking small

plantings of food crops.

Ii
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12ni A, Target Lvalluation Data

To Roport

RX'VIE AliD E~VALUATINor f' ARPA/O5D "INUPOLIATION't p~Cpj

in SOU71, T7M

- ~ ~ G 0lor~ ~~ 5~ 16 -1 Jm umr-* 196')

Opoaton Tia~:13 Jui"19629 -- Jrch 1962
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TARQOET 2W11AIPtrATION

A. TAQGF:T 1T)P'ýC~J1 1ToTT!,

XT 7709B0 -. XT 790550
2. Thr~-,, . TLoc;J ix;ic: Cho.n.-TI ul' Shut211-W (Hon-Quailj

flox~ r VL~ao Man Coorr~inatcer

3. 1hi':)' verrýt--itinor, ~'I1cCfldLU1C)n of c~rovth:
~vrorn ~oiert;do'in,,-vt: nJe: a cpcio' are inoC -i1Uo"-. i

)~.~m;i~anC! vatec oil tro!7trne(nt 11 cr :
"AAto-Irothanol. ostar- o•2,- )vi ,ý, (D-nx: b

JAai.jl); 1 gallon o~f formulation eracre.

5. Datce aric tLine of troptnerit:
2). Aqugu7t 1961; IflnO hou'ro.

6. .re'ateii(, conditions at timce of' treatrient: UnaImov.

7. E2qni~nent u"'Žd in rnakinp, ;reantmunt. C-h7 aircraft.

2.TARtGET' TVALIATION,

Evaluatio- fixevarcr.g
EvlainCriteria A 1ra aig Go Ratingc

1. Defoliation ................. 6o ho

2. Canop"r Kill ......... e 6o ho

3. Vir-ibility:

Morionta. * . *. .. * * *. * 40

ýfcrtical *......~... 6o

* h.;r~n~i~.of'ieb.~ 1  
. 30 10

5. Total Targ'.--t ".tfectivonno- ...** 50 30

-~I lop- .----.---------- --.- -.--

[ OE.



TAM(-'TM TVAIMATX0,

.tfl 0f757 -YT 1J30835
z. amr-et Lo~cation- 1, IOorv, -Th0.. Shoot 2UE(ilon-Quan)

Houte Or Mi ap Conrdinates

3.Type of. vogetatimil atnO. conr3il-'.o'l.) ol' rov,-'h:
iEveri,~reen Forest; clorrnarr. ; a fe-u speciet,. are- clociduour, in the

. c.~ii~ ~ U ait.~ J*;rcltmil:It pracro:

1. i-allori per acro.

5. Date and ti~me of treatment:
F eb r aa ry 1962; W06O0,90-~0 haurs;

6. I-lbatncr conditions at ti:ric o2-S treatment: UnImown.

7. jquipmont ucmd in maki-ng trceatment: C-123 aircraft.

P. TARGET~ L'VAIATION:

'Evaluation Averag~
flvaliation Criteria Acia Rting

1I. Defoliation #o.. . .... . ego... 70

2. Ca--nony Kill *.......*... 70

3.Viihii:

Horizontal .. . 5~*.

Vertical 000000000000040900046060 . . . . 6o

).I. Pjr'tr~.i-tion of hrnrbicijlo ...... 6o

5. TotaTl Targes 'Iffectiveness ...... 70



TAII')% 'I!,,'ALJ I-Or.
TA'G.I.•

1. Uh:'crV:;i.o, 1.ov~~. : 3

YT 6050, - YS 76598Y1
2. T'arm,,'. iocatti.rni: Toute 1, (huI Chaan heot #222-v (Gin-T~ay)L.

Rouie or Viitae Map Coordinates
3. '�trp of vwf-etation and condition of groifth:

7,v~rrr'..eu Forest:,; dormant.

!. Mor'bicide and rate of treatmeet. nor acre:
"Th lrtr_ - 1 gallon per acr'e.

5. Date a.'"d t;TIO of trcatment:

Fnbriaa- 19262; 0600-0800 houars.

6. Uoather conditions at time, df treatment: Unknown.

7. Equipment used in naking treatment: C-123 aircraft.

B .TAMGET _,VALUATIO N

Evaluation Average
Evaluation Criteria Aerial Rg Groun Hating

I. Defoliation ................ *... 80 70

2. Canopy Kill .................... 80 70

3. Visibility:

Horizontal ................. 50

Vertical .......... 80

4. Distribution of herbicide ...... 70 60

5. Total Target ':"ffoctivcness ..... 80 60

A

3 I



Vd&T

May) Coordinya r's

3 .Vv'cb: (( ' r. 01~ 1

h. bici(O. anc! rate .~tetmwtor acre:
.3ul o;ouh~ano:l oftc kiŽ ~§T(T~*xi
I gall. on r:rnr *wire T. Ple,:pr:yed w-itli A~irnle.

5. Date alit! trine of r.Iin:
O~coloer 1901. 7orpra-yed Ib'n)ch 16

"6 ea.th.or conditiorlns at;1;.; ofC trctentinm: 1Tnk-novn.

7. iu~~r~~t~s,,d in inaling trcemtmnint: C-)! 7 aIJrcra.Zt"

171-3h4 helico-otor

Evaluation Average

:-Na3Luit.Len Criteorin A., rial RzftiLng Grun at i.ng

1.D-ol- yd( l ..... 70 70
2. Canop-.r Kil-L*... ... ,... 6o 70

3. V1tr

* . . . .. .. .. . .* *60

Vericl ** . .. .. . .... . 70

).Disitribution of her~bicidle ... ho 30

5. Total. Tarr~i; "fifctiveners .... 6o 6o

7-.w-.



t i' I 

X T 9nIi

1h 't 221.v (Sii,0

J. .1 ___ ___ 1 h

* ~ a:'condlitio"u at til C of :2.0h 'c- n Unklnoim.

7. E' -uoinnt ~a~in malcirwr. t~rc1: 5tvcmt.: DuffaTln `uvrino airblast
rround sprttycr(

EwaluatioflAverage'
,valuahi- -i Criteria Acrial Rating Grovi-if 1tatln

1.. e)oliatior'** ** ** ** **. 70 70

2. * Cannp-rUi . *. ... .. . .. . . . . . . 70 30

Va.rti :.1 . ... .. 0.0.*. *. *.*. *.11'0 70

)4 iL i' ~ oi f rshe o~ ***. * * 70 80

~.TAK ~'r: fetivnez*... 70 80



Sde

r,,,,UA r c I

JPurhcr '1.9( 070('i~v 2cc

7. "qii.pi~wrnt 1Pdlr C-3.23 airnrnaft.

it~valuation Avert'~~'
rwlmG~- Criteria Aerial RaWit uvnT fatr

1. * i01,011aidion TO 51*** .* 7

2. ~aov11. ....... **........ 60 )to

oriz ontal . ... .. ******.. ho

Vr~rtirw .444**I4 60

D Iis ?--ributd:l'~ C)j I nifrhLCiOO ..... o )to

5* 0o0 'r7I .~~tV~C *....* 6 ho

15OL 2/ŽfQ,: ati~.1 1a.t luiv 'wujrý 1!)Y ' .!; idontiftt,(i the
-- ~~ Io~~ J rtan coo rI.X-c Lt'nt.

511. YT 0-72o6,) 5/7 :c-S 213,'13 5/1-3 YS 3365!.li

5/3 VIT 100C)241r -/2 -:S, 25710) 5A5~ ,S 365,,-,t
5AJ -,T 1.03016 5110 75 2 7G66f' Mheot #2121-RE (Saic:on)

5P -,m 99 .51- rf 3ýVi0(B¶5 Shent 7'230-E, (CholAn)

6



.Te'1!221.-T)` (Sailr.:o-')
ai-Thv I-, 1,oc tt,': Llo ~ 15 -A #230-.E(C ')-

"flO17c or I~ Coorcinc

3. 'Nm' o~' V& ~.atii. !cl concditirjn oý' ~r'~h

a ~ *o~id r~~ oi* :rnt o~ por .cw

Da x, -, t ~ t- oe)C ie t mn

Jw. u.'r 162;0700 1 our!;

cnoni ,.*j.ofl,. at ,m c of' fro).mro>1-q

7.~ ~ u -Bq' iiii~' -~' n1: ~if'-~r~*~~t~ C-123 aiircraft.

~ * 2! 'r T9 -/V JTG

Evaluation Average
7Evalulati~om Cr'itoria Aerial Rating- Ground Ratj-nr

2. Canol:Laio qC *****f*****0 90

2~~~a *CuT i!. *... ........ 8.... 0 9

* ~h r~i~iol of h',r1;:c' * ** ** 80 80

C ~~~~g 8()o h"" frcr~ **** 9 3



I.f. 1. r

Ob~cI' No 1,'/-L5 `CS 365535

SJhe't 11230-7 (Cagn

T. T-or ic-iLc ý,-'tto ol7 Lr'.~ o~ er r2cro:

*Da'.,, nmrd c btlw oftr tn..

7. &j:pn ui ucir-d ir~naz3v rc> nt C-1'23 aircritfu

T.TAn2Q:' T ,V!J,UATI0:T:

Evaluvation Averagre
,;,valuati.on Criteria- Tf atn

1. *Defoliation *........**.........*.. .*.....9

2. Canoyr, Urll ....... .. .* ..... *...... 90(A

Vorti. cr3. ******.** 4 0* ** * * 90

)..Trii:1tril-,uti~nn of hcrbicic¼*........... 6o

5. Po,,,. Trrý?t ecivnr!! 8



G*,).<r... nrt OvS.

9 A~JiI!

". arg~et Loccutin; , Ow Soheet ;'241 (Cai-!ku)
Roll r lrila-c ai Coa-'ca.Tacc.

3. T',rnp of ceto andw concli-l-dor of -ro~rtlh:

) E. i1-.ciic.Q vi rn to n~ fr'n~. rr acre:

5. "ae o~i~~c ti-otret:

'41

3. Vit.V!A .

06**** *000*'S0 44s of' *O a 0i 00v ee'swo*O
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A. TAX ,C.~ I ___________

-- ~ 8~ 10735
2. Tarcot Locatior.: L't.Op. I !&iai Y(en Shece.t d'2h4),W (?onte de Ca-i-4u)

RoteorVi~ag Ila-p CoorcUnates

:3. o.'e ve'geta~tion ýmnC eoncl--l"o' of. vrwh
1!awrovu., star&a-omwant.

A. -tiIt- a

;o~~~t~~1 .*ee.e~ ... . .*. .....

0.0

q,

'NO



Z

-TU)

Ys o6W35
2. TarglI; Location: -. aShect ;123O-Wi Cholor)

'M77 or 77-Lage. I'a Coordinates

3. -n f- cýlxtit#'~nd corl-'i1o of 'roTmh:.
Sem~b., dor~nat.

R~rrinh, ofn-lion p~nor acre.

~~~~~ m.t~ ±a & trmtot: H-31, Htelicopter --

.. .r' u .i .f . .... ..

20'ýCw (py.:rilla 6 4 aa 6 0

A is

is 6 0ol * N
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OfON VDG2. Tý11TA''TO AItn:' At rTALLATIO?; TNVf'L'

1. ';me>ernnyrof th rin 2ason aftor no?.. grovtn aputrent,.aonlv~ thretz (3za~ions 6f' ?nrpic pc,'~V ;C f oliayin- sn-rtr- ucaparial

2. In -the :Virst !tr' -',n :te r'1? ha:; bcn !4Thlt irr, whien the
shold " crurh;eO t cn-~ tt- 'e n improve its Ttrt~tur.'- f r' i-dunni--Crushng na b~y on,,:boy any o~oof eytpnrfl notjjs

A1. Us- tz.~- 
cr tVAtr(r)'vb17~ JDrive theý traet. tc e 'i ot nnt~ 4h 1ebid: *WaerdAxrroxdmiiintel' Ojeý Coot j'ýIVT; ao iv riun( r.,Cre (i't.ii.HIt ~T

4frn~f z',:'r or *fut" -i'should not +hp 4' o~ta h 1* O io~ p~ol A t4~ A ~.dmat-rial r'l"ball or roll in r. a4 ;t pp t  vt '.,>c th"P41tnto a Vý layer, 'UIo vent!,-' dV~z vso vrtrttk~tJI

b. A ý* chain -~ an4 IA1 nc'r rMea h , po~ ~tb* aW&a, usdR I .* trnctortj(-s ? rtt it'.v nwJy- ~ '~tA

rol t cve £;A e ~ h ~tfsad data cit 0no ed to
AktAn let~.t h&Jwt WNWw~ tyf knO

tot(trj
I ilsotons *, 0-t tincterm nhui e $Iti*brrt

chah Al ecr .lo 1.rr~n~~

ifl mit !fttvO rlVrde ro 4) 4w V '

'iE it area. Ut;tt P4d notnnx:I

g--



IA.,itionial fir, 1-I in Týhe. interi or nriý ý.O clone. 'Ti;'Ti b done
as the sides are ~1eanc tno i:)er-so'n, woki ,narest the ceýnte~r muot
k-een ah-fidl o-, tos t ih(- sides, othen.m.7so, perscnnel -ri~ll b tranned in
Theý f~lancs.

Ab a2`k-firin- morh, or drip, týor oh,- s;uch as that used b- lhe U.S.
Forea:t Servoco atic various st-ate fceIJt Lre protectiLon a,ý:,encie-, i s a

suiabe iec'e of" eaoinmint For i -.grtinf miaterin:l o-' thn, k~ind to be burned
hecre. ( he W-Jestern Fire Equiprient Cormpanyý., Bar- Francisco., California, i's
one source of' sunply.)

Caution:
All intierior f'iri-inr rmist be do-ne iyto `lie win el If' firing is3 done

'i d~ :~i -,ri n (I belhind personnel1 doing- the -Piring,q t~ho f? lames can travel
Laster than a man can aland nersonrel are li ely~ to be trapnoeri and
burned.

Burning bly this nothod' shci.,ld remove. PO to 90 percent of'L the
TToodv material;,, iuithout preparation, cJlear~iri[ more than W)O ercont of' it
womuld be fortunate..

()Jwst prior to the beý;inning of the f ollow-ing rainy s~ea-
s on and a&.e burning, %nT)1ly a 50) percent. granular foriulart., on of' ilonuron.

OýArne:ý 110~~~~~~~~~.-` tter f,_OPud e u-.n 0fo an

- (Krne D .~ a herat of'!j0pouds er are usig a 0 Lot an,
.Sinr,-ader p~ullo'1 b,-r a j~eep or other suitab~le equipment.

(h) At the be ginniCng of~ each subseqyc-nt ralm~y sncx0n, zmpply
20 pounds of 5 ~0 percent ftrtnular Lorstule.tion of monuron (L14~:D~) pJ.

.(5) For theý control of opot lnfestatioi-s of vegetation
around olnstructioym -Um -,e not controllod by aorial or grown equipiet. n
anolicati ono apply a broadcast. ramn of' ,ranuJlar m,-onuron by hand or

A hand operat~d applicetor.

$orc: 2.I* u.P~tde Vlosxours aMt G oqpazy WJiljinpgton 2e,)

IJ
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Appendix C: Destruaction, o-ý Viet Cong Crops WIith Chemicals.

To Report

PM VIT. U AND r-VAJUATTON. of' LPPA/0'"D 1;D.12FQLIATIOMII nFZO(J"MW

in S0U7,1 Vi~ll-W II

Resparc, h~:1 u.y16 12 January 1962
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APEIETDIX C

DES'nTRUCTION OF VET COINýG CHOPS 'vlITh CULhICAI.3

I. Ob~joctivei

To rcoomrnend age-nts, disseminatijnZ ecjuipment, mc thods of' employment
:und other pertinent information relatinF, to the destruction of' Viet Cong. (V.C.) f
crops.

II. Target Crops

The prinicipal fCood crops oni -which thu Vic-t Cong subsist and which the
team has been askud to consider as targot cropsý are rice,. manioc.. sweet
notAtocs,* and corn. Two of' these cros,) swee~t potato and rnanioc, are
broadleafeci and producc ediblc roots. b3oth arQ ve.ry susceptiblte to the
,4-14D - 2,4,5-T type herbicides. IThe. other two, corn, an.d rice., are

!iCIrrow le.af' ,)la-nts which arQ also zýusceptible to the same typC of horbi-
cidos biu+. zrquireý hoavier doses.* In addition *rioý, is vizry susceptiblo
to relativtely low rates of cacodylic acid.

111. __________________ 3

Tho age;nts currently on hand in Victnam namwly a mixture of theý
butyl and isobuttyl oster.s of' 2.,4-D) and 2)4,5-T (Purple,), the mixturci

of normal butyl and. isobutyl esters of 2.4,54T (Greun and Pink) and
"c~codylic acid (blue) arc admirably suited for 1des-L'oying the tarigot
cropso

If all four target crops are; growing In tho sanve or adje.CCrt fields
and aro to be spray'ed oirdultaneously by an aircraft spiny mission, Purple
should bc usod and thu. dosagea should b,ý adjusted to that roquijdr.e for,

In spro.. ng, sirrall arkeas vwith han~d aprayero similar to t he 3 gallon
garde~n type knapsack spray(.r) the- doqenae shovld confor i to the. roquirevionts
of the specific crop beingj spr,,Vvd ~vwn thoug~h sevoral diffeC.rent. rrolls

*.arc a,-oocnt in th&i sazu fiold,

The dosage required dep nds: cn th6~e of' the pl, it and its stago
of* growith. Pl-,u~ts in gunera. vro-moat suscontib-l during po),iods . of

S.rapid tirowth 3uch ais during the young seedling :stac -and inz. aomo apecios *j . uring the, e;arly rv.productLvo, sta 7 ; a,1>



Low dosages of Purp2Y will kill young swt-ot pot;±~o plants (3 weeks
old) but dosages equivale-nt, io about 1 gallon of Purpleý should be used
to kill plant~s regardless of taýge to obviate mirislakes, in eýstilz"ting
plant age .nd to provide an adcquatc; safe.ty factor. The gallon of
Purple should be dissolved in 2 &-illons of fuel oil to yie.Cld 3 gallons
of spray sol-itjon.

Rlice and corn can be killed by approxxatLL 0~glo e ceo
Purple when young but 10 lbs. or 1.0 Callon. mcK be re-q~uired for older
plants. How(ever if rice and cuzn nre sprayed dux1ing7, the- -,,-arlY reproduc-
tive stage they7 can beý rendered un-productive with 0.1 gallon of Purple

pracrm. Sincc -!t I's iriposuible to --letL~ridno th.-. a~~ t~ of
devolorment accuratcly as a p.lant approaches maturity vrit;",Oi. dot'ailod
observation of the crop on the ground., it is rc.coimmended that no attempt
be made to confine, tho attack to low,, dosos during, t~ho eýarly rceproductilk
stages.

Whero the target crop. is ricc. and no other crops iarc: involvrd,
cacodylic acid (Blue-) could be used. This herbicidu is effe(ctiv(e in
killing rice or rendering it unproductive; at application rnatoe of approxd.-
makte2lr onQ pound per acre, during approxifma1tc-ly 90 day.3 of it* growth
cycle.: Iioacver to insure morce positive res3ults 7 pounds p-er aocr of
' Blue, should be omployedi opormtionally. T-Lhis should be- contained in 3
gallons of spray solution (2.3 lbs. blue/Callon of wator).

Cacodylic i6 -corrosiveý to alugminuta and brass and caution must thcre-
foobe oxc-rcis(;d in selecting thQ proper spray equipuiert,

W.,en stocks of ?urplo, Gr~een, and Pink become exhausted consideration
should be given to the procur(emeint of low-volatile estors of 2.4-D and
2,4,5-T for uzo on broadle.af croix * Tho uso of low-volatilo esterz will
uinimizo loisses duv to vol~atility from simall tixgets arnd possible durnage

to nearby crops not intendcd f'or deatruction,
IV. Dissuininatinjg EiuiPr~ne

A nwiln- of diesscininating systems tli',t have been used in Viutnam
could bke modifie:d oruse in attacking. ci'opts 1 Thuseu are.:

with HIDAL
0-123 with 1VCC4

G-47' . wit~h Ineocti~cidQ spray cquipmntri
A6with Aoro l4B

An additional itvm is the 3gloknPsakS yr

The sprey volume requir,.4 for crop sprays is 3 gAllons por acre and
thedroplot aize should be at loaat 300 vdcrons. All of thce above- itema
of equipmont roquire modification to peornit tho' dejirxud flow rates and
droplet, az.

2 ..



The Hi-34 with HIDAL appeczrs to bc suitable for attacking target )xeas
of 1 to 100 acres in size-.. 1However, if thE; area is not secured by ground
troops or by fighter air cover a se3rious hazard from en~anV ground fire
could exi~st.

The 0-123 vith iAC-1 spray systxim is unsuitable for crop sprays excejt
for vcry large targets. it i6 doubtful that crop targets of sufficient
size exist to warrant use of such a large spray system.

The AD6 with two wing mounted Acrc 14D 1s appears to be the most suit-
blsystem for spr,-Wing small targets in onemy controlled territory.

Its relatively high 3peed would permit it to get in and out of target "
areas rapidly and its two 14D spray devices- each capable of carrying
90 gallons would permit coverage of 90 acres per sortie.

Tho C-47 with insccticidie spimj systcra that was employed nlear the
Bion Hoa airstrip and Chor. :Thanh could also be used for crop sprays and
its suitability would beu inbtvrrnediat,-. between that of the 11-34 and the
AD6. It has a capacity of approxim~ately 675 gallons but spraying speed
of only about 150 mph.

Tfie 3 gallon gardun sprayer would bQ useful for attacking small
garden plots discovcred by foot patrols. Thuy could bo used only in
ý,.,eas controlled by friendly forctes. Hoer the 1 gallon of Purple h-;rbi-
cide could be used without added oil to reduce handling of inert carrier.

The feýaaibility of dvvcloping air droppablo munitions cap,-.ble of
dispersing hcrbicide.ý, QfVectivL ly in grnaiular, liquid or vapor form should
bej explorod. S3uch itcmai ahould b,,- aijaablu and could b droppud from
altitudes abovk. the rnnge- of eround firo. ._-

V, Factors Infiancini,:UL L ~ Attack

One. of' tho most imaportant fa o tora affecting the time selocted for
crop att~acks is the pliviting, date. Sinct- planting dates vary considorably
from, One Part, of' Viotnwii to inothý.r mid from on(., crop to anothor cartifulI

miniuinquatit ofaget -nd numher of sorties.
Usu should be made of thfe publication, ttAgricultural Calondar of

Viotnam - 1 ?61 It) issued b iityof Agriculturv - Vietnwn in coopura-
L~ion with Division of Agricultur(; U30IM/Victnwr. In additicri, a crop
specialist (agronomist) from Minis~try of Agriculture - Vietnwn should bo
invol-vod In t~arget oeljction anid tianiin of attacks,

TiminC of' attacks should also taku ýinto aoccunt the fdA,%ge, of' crop
devulopimet. Since joung plants am' iaort- readily kilJled thain older ones,
.the attack could be launc~i(ed shortly alter tho crop e.morge~s from the soil.

.U



While the, V.0. miaght replant if thct-first crop t-.urc dustroyed, the second
crop could also beý dvstroyc-d by spr.: ing aftk,,r it h e emergod. Mloreover,
the, second crop mis,'Yt not cn1~rge i- I gallon p0er aceof Purpl, had been
use.d on the preý,vious crop because of thL. r.ý;3idual toxic eff-eýct of Purple
on grmainating seeds. Cacodylic acid (Blu.1) has no or litt2fiý re;sidual
toxic e;ffect.

Sweet potatoes and inanioc shoulr' b,; sprayed prior to root formation
sincQ killing the aerial portion of the plants will not iim!Qdiatc).y
affect edibility of sweiet potato or imnioc roots if those arc p-ermitted
to develop before %,pray applicuations.

VI. Hazards to Crops of IFirienqy Notives

The hurbicides m'comiiendod forl dcestroyin, Viet Conk; cropN am- just
ais d&a"Ling to crops of frierindy native.s if ap~licd or allowed to drift
to tho latter. Precautior.. *should W~ takun to c onfinc. the sPrray depoosit
to the taa areas. The following factors should be considered: 1)
usu large size. drops (300 microns); 2) &;pray from low altitudfes; 3) avoid
spraying during hig~h winds; 4) avoid spraying undor noutral or lapsu
conditions.

In addition to tho Vii~t Cong target cropo these, agents, pWrticulcir2y
31 P~urplke, will also kill or rendor unproductivo e~vury o~th:.r crop Plant

cultivated or non-cultivate~d with which thq. comc; in contact. Damage4
will bc. proportional to tho do~saGe'.Q

VII. Toxicity of Herbicic'Lc' to LNe(n and Anirvils

The 2,4-D tyrx. hejrbicides hav,4 hoen i 4ddel us c.d in t~hto, United Status
for moru thrmn 15 yimrs in food cropo and on mtnec lend and art, cc sidurcid
non-toxic to main and. nilmals * Th,; acut4 or'l LD5( for this tyn%. of comn-
pound rangos from 375 to 1200 rq4/kj,.

Cacodylic ,icid has tin acuto orral WD50 for albino rftts of 1350 mg/kgs.

B3oth mirtcria2z ohould be. hmidled with car.up should not b(o ingeost-
and,. if sp~illed on thu skin, uhould bo rtmiovvd with aoap anti wator at
the oarlie~st opportunity.

MII. Soil Stuilzntio

IIn the eve.nt that chueticl soil storilization is desirod to deny thte
Vict CoTng theQ uz, of garden ploto for crop production for aevo ral monthaj,

*.graniular raonuron could be '&ppliud *at thu rato of 40 ibti. pur ncre., A
reuoiranondod .duvicei for applying f~ranular maturial i5 the 3watumastor
Spradur umauf ac~tumed by TrUns1lrid Comipwiy, Torrancu, California, This



could bc irtstallcd in L-19 or L-20 ai~r'crft with somn aircra-ft modifica-2
tion. Othi~r hoppcrs or gramulc di,ýparsing dcvicos could btý custom, built
to fit any,~ aircrrnft scl(;ctu.d for the mirssion.

IX. Rapidity -of Action

Rlapidity of action of hurbicida1 chemicals on vdiblQ .crop vari;ýs
with the crop., its stagc of duvelAoprient at tima; of spray application,,
thei hurbicidt: employc~d and the doati, Sw(,ct potato (and manioc plants
about onc maonth old cfn b(, killed in a wc(k by the; active ingredie;nt
in 0.1 Callon fper acrk; of Purple.. Plants two months old would diQ more
slowlyr an;d, in the, caaQ of smit-potatotcs, sa small roots would be
present and ud~iblQ at tim*ý of death of' the plant. If not !,rv~zit_.d at
this time, th,, roots would decay in Wthu Groun~d.

If the attack on sweet potdtoes wnd manioc should Wo delaye(d intil
just prio.- to harvst..,xtrfmney 1i(ývy dose s would be; roquired to m.ffect
tho edibl(; roots. F.ow-.ver, 'if the roots,. ame harvust,;d iicmdiat-A),, after
beinr spriaycd., thuy w~ill I),. comp.le;t~ly tidiblo and th,: 3prw a~pplication
would hav,ý botm without signilficant effeUct onquantity anid quality of
e.diblo roots.

Th,- responae of ricc and conm planits to spray noplien'tions or 1 gallon
o± Purplu in 2 gallonm of oil umadu ant; taon~th ad'ttsr )1nntind would bk. L~ss
spixctacular but would re~iult in teithc dftith or unfruitfulem's of thiý
Plants.

Applications of ctcodylic acid (lBluu) to ricc nt liny tc.odvlp-
mnt tit a oa~ f 7 iba. per amr in 3 gallons of solut~ion would caucoo

a tllctw-ýbrown desico!atud %ppa ranc in )wss th.an a wt.;k.' M,. plants
wrould bu Uil1A or, it. th,.y survivvedj would not product; prain. Applica-
L~ion of iPurple to ricc and- corn v~h,,n th~jst cropj, ar,. approAching maburity
will) ot mcen~ity# bi vtcrj Ugh1 to piroduck; ai mifieant tsl. If
spray far., deJ.aud-too loný (2 w4ýcK; foe normal harxV%..St), thq' can
bo inwfffictivu *

X, Xand-wruanc. 111 11vn AL. ý,auh

Dustruction of Viat Cang fcodr v'rolw Ln. ViY £.eld could b,, ont! or th v
mout eftectivu muon of Iofatirg the trim~. The Vi%,t CoriGs currvntly

In'eliving on foodi crops j1ron in the: twrtau that they control. If thvsv.
Crom. arf, 0,:Otroye.di th"; viýý,. Contpa would b%" Mqu).T.ttj.: to obtain food
trorn other souroes or sjt~uvvv. Tho addtitional burdt.n of~ importing food
would d(.oroasc- ti -ir fuotivcnoss in :prosuuting. thf, wtr,

2(]. .Thej throat of starvation reoltz n rron h(Awbiaidal, oprayi on m.!mgrove,
ar(113 at Hlai Ycin in An Xugon pr ovinco waa one mias on givon by 112 Vict

Con wo srrnclru ruot~r u~m tho -h no- food cropas Woe ±ntvnticn-

ally oprayod in that arua,



S4*T
. ~u'.~ uL"t1l<. vi,.t (;onr1[ Provinici~al Ciisrot' l3iýn 1,071

17 1,( 1 ý0:.I (115 Vrjrc.Lcm.is 0::; jcusoik.. th, 'Vicot Conr
,,:.r, of~ -.cti~jx if -uiti-croi) -Lt.ackc ýho ýlr3 LU cri i~c o t Vy 1,uth
ýi,. tn-x:, IL ic; ob-vilau- til: th -ya v v. .r,y fluL;) cotrr Lrn A A:'out "nticrop

n~~c -ot, only iroz% th,.i 'vi,11T)ilt Of' 70our; of' food Lut -- so from thcl
* chologi,,c~l J'uct,,. Thy jttt, Thu ctx,.,ful to p.c'uvunt our i mbLir-.,

crcr ~and thc, !;uo*,P fromt panic or ir'.Tht-r court.timrnwa-zuru5 to
-vtcnt rood li. ± to .,l~t*oonui>, of' :.nd( hick; cromx

i I. *I-coný.a(crdatior.-, for Killing Vi,!t !ong Crp

Th ~v: t 5 'x~rL ontzirtrfto r.-!Iinii., k~rror,,- -I' ;timatin"
;'l: ag, tLC:; vOoma rrnd,-d for' crop sprays is that ru,.qu~ircd to kill

Lh,- plant. dtiring iLs most rsiiotant stg.Thc., tablo bclow indicattc5.
LhtL horLicidcs and *.,quipmlt.nt for u~~on specific crops. All crops should
b,. spray,.A b'..twk.-n thL im thl,;ir wr from th(. soil or arc transplantcd
to about four prior to thcir, normail h.arvoIst da.tu.

Spray Voliuqin

Cru~ ~ Erbicidunato pr Acrort' Gals. _por Acr. Eguipmcn

B luk. 7 lb.5 . 3 11-34
P.'ic.. I -urph 1 ;a.3 H-34., AD6,, C-47,

C-1232/

Ccorn lkurpk1, 1 gal.1 3 11-34, AD6, C-47
L.anioc PurpI. 1 P, -1. 3 H-34, 0~6, C-47
I -W1 1 (.t

Pot -%to Yurph- 1 ga.3 H-31,) AD6, C-47
* Arnioc Pink&-Grucn 1 1xL.3 H-3,1 , AD6ý, 0-4+7

3 ut.t
i10talto Pink&rGr(.un 1 gal. 3 -34, AD6) 0-47

ýrhi:; voltuw.( o1f PurpbL or Pink .ar.O ,m~un shiould b, diosollvcd in two

Erllono or' £u,. oil. Ibl-at s;hould bt di.,solv.,ci in 3uf.Licient wator
to yiGld 3 g~allons of solution cont.Unirvg 7 pounds oP thf- herbicidu.

C-2.23 is foor~ - for u,. onIly on Olar' si o

6
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A?2LN DIX L

!1CA1 K LICA-;J 0I. 92'33c~)ESPh. /Y

In developing i:>-. volu; c dioLur,.s(•• -! .•uirrl.,nt for installation. in
rlircraft, i.'irst consideration nu~t ." givern to the total rallons pr.r

mzinute, and viscosity of thtý lic!uid th . equipmeint will be rcquired to
hand le.

A high volume herbicide spray. dispersal unit for use in an aircraft
simil~x to the Fairchild C-123, Douglas C-47, or Curti.-. C-46 must be
able to deliver 450 gallons per minute at approximately 40 psi at the

pump outlet to apply 3 gallons per acre. The pump, therefore, should be

capable of delivering at l-ast 600 gallons per minutc free flow.

Ti1 ro-quirud flow of 450 gpm is based on a flying speed of 150 mph
and a possible effective swath of 500 feet. This results in a coverage
rate of 150 acres per rdnute. This will require 150 gallonmper minuteo
flow to apply 1 gallon Vpr acre, and 450 gpm for 3 gallons n'er acre.

The. tank and pumaping unit comprising the PC-1, "Hour Glass" unit
presently used in the C-123 would require major modification to deliver
thio volumn of liquid, as would -ill pipe lines and booms.

In equipo)in- a spray plane to apply these hiph application rates,

Gvery effort should b• trade to provide tank capacity for the miaximum

disposable load the aircraft is capable of carrying. if an aircraft can

be assigned for spray missions only,, its disposable load and productive
capacity can beý increased appreciably by r,moving certain military cquip-

mont which would serve no purpose in a spray plane.

The following basic iterri would be, required in developing dispersal

equipment capab]k of spraying at a flowm rate of 50 gallons per minute.

Alninum, tank(s) Aith a capacity o' 1000 gallons or more, equipped
with a dwiirj valve of not less thrn 7 inches inside diameter and free

vent opening of not less than 3 inches inside diameter; also a suitable

tank quantity gauge.

One gasoline engine powered centrifugal pump with not less than

a 4 inch diameter inlet and 3 inch outlet capable of a free dolivery.,of

not less than 600 gallons per mianutc, or two gasoline engine dr'iven

centrifugal pumps, with not. luss than a 3 inch diameter.inlet and, 2.5 <ý
inch outlet. Each pump should bo capable of a free delfi ver'o of -ot]

than 300 gallons per minute. "i .

I * J



Thr-ý% boon sk ctiono sit'iuld bt: ins t~allcd on thu aircraft, ono under
ýx nTg c'tboard of the (.nfgintu n:iculle rind thu third under the wing

i-316 1gt bktt.'ejun thk.ni: , ~ *.lu iiL- riossiblo, or back toward
t~h% LVil Wider thu f~~itc

lm~ typ%. ~ind of the nol~s(,lTctod EShould be capable of
vrioduk'jnL, a .3prV ' with drq'opkt sL:,ý of axpproximatcly 300 nijerons diamoter.
Thiu; 1.:W bu iaodifild as It Mrd D woe'k dictatc-s.

rh.., numbcr cif nozzles Or)( ratc.-d ).t onu tinu w.ill dopend on the
O~lica*6ibn ra''xuurd to prociuck, a snceifiý-d volume pcr 1.crQ.

All piN. linc;s, hoseo and control valves must b,: of' sufficient inside
dinmteccr to carry the; riaudymum flow anticipated through them without
causing serious back prcssairu. All bends in the pipelines should bo
Cniooth and of as great a radius a3 -OOSSiblt,. The use of 900 elbows
should bce hold to an ausolute. rainimun".

If two pumps aro used., a one inch diamoter pipe should be connected
betwoun the output mmluifolds of' -a-ch pump to equalize the pressure in
the systemn,

It is not the intent of thc informaticn contained in Appendix E to
furnish adcquate instructions for the fabrication of a high volume
dispersal unit for a specific aircraft. It is intended to point out
the basic parts requiired and to emphasize that a volume of 450 gallons
per minute must be, the equipment capability to apply 3 gallons Por acre
at 150 mph over a 500 Loot swath.

1, %6


